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INTRODUCTORY. 
THE object of the present paper is, firstly, to give a tentative 
explanation for the origin of variation, deducible from the  law 
of the concomitance of variation with continuing development. 
The  attempt will then be made to show that variation is caused 
indirectly by change of environment, and directly by the dis- 
turbance of correlation of the organs, resulting from the change 
of environment. And secondly, the attempt will be made to 
determine whether, in a given organism, the amount (or degree) 
of variation, and the manner of its occurrence, can furnish us 
with criteria for judging its lines of development. The  only 
postulates necessary for the treatment of the problem of varia- 
tion from this point of view are : ( I )  the concomitance of 
variation with continuing development, (2) the correlation of the 
organs of an organism, as necessary for its existence, and (3) 
the  influence exerted upon the organism by its environment, 
necessitating a degree of adaptation to its environment. 
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It is not my intention to review the many theories already 
advanced to  explain the nature and origin of variation, which 
would be a task too extensive for the scope of my present 
article. There are two well-known theories, each of which has 
latterly been more or less modified in regard to the origin of 
variation : the first teaches that variation is caused more or less 
directly by the environment ; while, according to the second, 
variation is the result of an inherent tendency on the part of 
the organism to vary. Now, in regard to the last-named theory, 
it may be said with truth that, though much may be explained 
on the assumption of (‘inherent tendencies,’’ there is no empirical 
proof of the existence of such tendencies ; and further, variation 
is not explained by the assumption of an  inherent tendency to  
vary, until the origin and nature of the inherent tendency itself 
be explained. Reference may also be made to the theory of 
Weismann, that variation has its origin in conjugation. My 
own theory, as will be seen in the following pages, inclines 
somewhat to the doctrine of the origin of variation as caused 
by the influence of the environment, but is a new departure 
from the Lamarckian theory, inasmuch as I consider variation 
to be possible only under a temporary state of independence 
of the several organs, when their complete correlation has 
been disturbed by a change in the environment. 
has shown clearly 
the importance of a careful comparative study of the phenomena 
of variation, for the understanding of the problems of morphol- 
ogy. In his book he has treated principally of the phenomena 
of variation in their relation to certain laws of bilateral and 
radial symmetry ; but the problem of the origin of variation he 
dismisses by stating that (‘ Inquiry into the causes of variation 
is as yet, in my judgment, premature ” (p. 78). My reason for 
attempting the solution of a problem so intricate and difficult 
in its nature is the need of approaching the question from a 
new point of view ; and in this attempted solution I have 
endeavored to keep within the line of facts as much as possible, 
and to avoid making unnecessary theoretical assumptions. 
The  recent admirable work of Bateson 
Wm. Batesor. : Materials for the Study of Variation, treated with especial 
regard to Discontinuity in the Origin of Species. London, 1894. 
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Although the doctrine of Natural Selection will be but little 
mentioned in the following pages, it is nevertheless advisable 
to  give a clear definition of it. Darwin states (“Origin of 
Species,” new American edition from sixth English edition, I 886, 
p. 63) : “ This preservation of favorable individual differences 
and variations, and the destruction of those which are injurious, 
I have called Natural Selection, or the Survival of the Fittest.” 
If we take this definition, and eliminate from it the sentence, 
‘‘ and the destruction of those which are injurious,” we have 
before us perhaps a true explanation of the origin of species. 
Rut the elimination of this passage seems necessary, since it is 
a debatable question to what extent the 6‘ destruction ” of the 
unfavorable variations can proceed. Darwin himself discussed 
the preservation and destruction of variations, and left untouched 
the problem of their origin ; but in the ‘( Origin of Species ” he 
makes two statements which are of interest here : I ‘  I t  seems 
clear that organic beings must be exposed during several gen- 
erations to new conditions to cause any great amount of varia- 
tion ; and that, when the organization has once begun to vary, 
it generally continues varying for many generations ” (p. 5). 
(6 Unintentionally he [man] exposes organic beings to new and 
changing conditions of life, and variability ensues ; but similar 
changes of tonditions might and do occur under nature ” (p. 62). 
From these two quotations. we may conclude that Darwin con- 
sidered variation to have its origin in change of environment, - 
in which view he probably followed Lamarck. 
I. DEFINITION OF VARIATION ; CORRELATION OF ORGANS ; 
PROGRESSIVE AND REGRESSIVE DEVELOPMENT. 
Bateson applies the following definition to variation (Z.C., p. 3) : 
“ To this phenomenon, namely, the occurrence of differences 
between the structure, the instincts, or other elements which 
compose the mechanism of the offspring, and those which were 
proper to  the parent, the name vorintioiz has been given.” But 
since cases are known in which wholly normal offspring have 
descended from parents which were not normal in all respects, we 
cannot consider the offspring in such cases to present variations 
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from the specific type, even though they may differ from their 
parents ; so that it is advisable to seek a more general definition. 
Accordingly, organic variation may be defined as growth above 
or below (i.e. beyond) a given norm ; and organic variability, 
the power of the individual organism to produce such variation. 
Thus we can only then speak of variation when at a particular 
point in the ontogeny the growth of a given organ in one indi- 
vidual is greater or less than the normal growth at that stage. 
It remains necessary, however, to apply distinctive definitions 
to  the terms (1 normal ” and ‘‘ abnormal ”; and, although it is 
not possible to  give strictly distinctive definitions to such relative 
ideas, it is, however, generally understood that such characters 
are normal as are presented by the greater part of the indi- 
viduals of a given species, and such nbnormd as are pre- 
sented by a much smaller percentage of individuals. Though 
no really distinctive definitions can be given, the relative mean- 
ings of normal and abnormal are sufficiently understood, which 
is all that our definition of variation demands. And even in 
cases of a more or less perfect intergradation of the degrees of 
development of a given organ, in a large number of individuals 
of a species, it seems to be always possible to show that the 
limits of variation of the large majority of individuals lie within 
a certain circumscribed compass ; so that here normal and 
abnormaI degrees of variation may be distinguished.l 
By the expression ‘‘ Correlation of the Organs,” is understood 
the state of mutual dependence of the organs, after their divi- 
sion of labor has been brought about by the process of evolu- 
tion ; each has its own particular function to perform, but the 
fulfilment of this function is not sufficient €or its existence, 
since rather it would be unable to perform its own function 
without the aid i t  derives from the other organs. But further, 
1 The term variety is often used ambiguously, as synonymous with variation, or 
as equivalent to the idea subspecies (geographical race). In the strict sense, how- 
ever, the term variety is applicable only to the whole individual, and not to a single 
organ of it, and therefore is not equivalent to  variation, which is  any growth above 
or below the normal. A variety is then, sensu stricto, synonymous with the term 
subspecies ; but in order to avoid any possible ambiguity, which has risen from the 
wrong use of the word variety, I shall in the following pages avoid adopting it, 
and shall use instead subspecies, or geographical race. 
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while this physio- and morphological correlation of the organs 
aids each organ in the fulfilment of its proper function, it 
simultaneously acts as a restraint upon the exertions of the 
vital processes of the particular organ ; for the particular organ 
does not functionate merely for the maintenance of its own 
existence, but primarily for that of the whole organism, and 
when it has fulfilled the demand of the whole, its correlation with 
the other organs would cause a temporary cessation of its activity. 
Thus the correlation of the organs exerts a restraint, -acts as 
a regulator, upon the amount which each shall perform. And 
when the correlation is perfect, we must assume that each organ 
can normally perform a certain fixed amount, and no more nor no 
less. Since the performance of a physiological function results 
in morphological change, showing the direct correlation of the 
function and structure of an organ, the result follows that, if 
the amount bf physiological action performed by an organ is 
determined by the correlation of the organs, the amount of 
morphological change must be determined also by the correlation 
of the organs. This fact is important for the establishment of 
the deduction, which will find its treatment further on, that 
variation can appear only when the complete correlation of the 
organs has been disturbed. And since the degree of perfection 
of the division of labor between the several organs is propor- 
tional to the amount of differentiation of the organism, it is 
correct to conclude, that the completeness of the correlation of 
the organs stands in a direct proportion to the degree of differ- 
entiation of the organism, - the higher the organism the more 
perfect is the correlation of its organs; and vice versa, the 
lower the organism is structurally, the less intimate is this 
correlation, i .e. the more independent the several organs are, 
I t  will be well here to analyze and compare briefly the ideas, 
progmssiw and regressive devehpment. Either process may 
modify a given organ in regard to its structure (chemical and 
morphological), its size, position, and, in meristically arranged 
organs, its number. Progressive development tends to com- 
plicate or further differentiate its chemical and morphological 
structure, to change its position and dimensions, and (subject 
to certain limitations) to increase its number in a meristic 
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series ; while regressive development (degeneration, Rack- 
bila'zrng) tends to simplify the structure, to change the position 
and dimensions, and (subject to  certain limitations) to decrease 
its number in a meristic series. Since either process may pro- 
duce a change of position of the organ involved, such a change 
furnishes no criterion whereby to judge the kind of develop- 
ment, until it can be determined whether the direction or 
amount of change of position differs according as the mode of 
development is progressive or regressive. And whether change 
of the dimensions gives us a criterion of the kind of develop- 
ment is also doubtful; although, since it is the general ru!e 
that increasing complexity of structure is usually accompanied 
by actual increase in size, it might be concluded that an 
increase in size of an organ denotes frequently the action of 
progressive development. But since it is only a general rule, 
and by no means a law without exceptions, that increase in 
size goes hand in hand with increasing structural complexity, 
it would be safer to eliminate change of dimension from our 
criteria for distinguishing between the two modes of organic 
developnient. 
W e  find, however, a certain criterion for estimating the kind 
of development, in change of structure ; for an increasing com- 
plexity of structure is distinctive of progressive development, 
while, on the other hand, a decreasing complexity is the sign 
of regressive development. Further, an increase in the num- 
ber of meristically (segmentally or metamerically) arranged 
organs is a criterion of progressive development, as a decrease 
in the number of similar organs is of regressive development, - 
provided that, in each case, no structural changes are simul- 
taneously taking place. This standpoint will hardly be dis- 
puted, for we consider an organism A to be morphologically 
higher than an organism B, when A possesses a larger number 
of organs in a given meristic series than does B, even though 
these organs are otherwise structurally equivalent in A and B. 
But it i s  necessary to consider the case, when a progressive 
meristic development is acting together with a regressive 
structural development, or vice versa : as e.g. in the carpus of 
the Ichthyosauria, where the phalanges are meristically pro- 
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gressive, but regressive in regard to specialization, in compari- 
son with their ancestral forms. The question before us is, 
then : When in an organ there is at work a progressive 
structural development, simultaneous with a regressive meristic 
development, is the organ to be regarded on the whole as 
progressive or regressive ? The answer to this is to be gained 
by determining whether structural complexity is of greater or 
of less morphological importance than is meristic change. 
Now the consensus of opinion among biological investigators 
would show that structural complexity (both chemical and 
histological) is of much greater morphological importance than 
is mere meristic development, - this assumption being, indeed, 
a necessary preliminary in any attempt to homologize different 
organisms. For to pick out an example at random, who would 
venture the opinion that Bmnchipz6s occupies a higher morphol- 
ogical position than Astaczts, simply on the ground that it 
possesses more numerous extremities ; and would not rather 
conclude that Astncus is the higher organism, because its 
extremities are structurally more differentiated ? Therefore, if 
structural modification is of greater morphological importance 
than numerical (meristic) modification, then when progressive 
structural development is accompanied by regressive numerical 
development, the organ as a whole is to be regarded as develop- 
ing progressively ; and conversely, when regressive structural 
development is simultaneous with progressive numerical de- 
velopment, the course of development of the organ is to be 
considered regressive. 
It still remains to accentuate an apparent law, which 
is generally recognized, with reference to this frequent con- 
comitance of numerical and structural development. Appar- 
ently a progressive structural development frequently causes 
a regressive numerical development, as we find when, by 
the coalescence of previously separate meristic organs ( i e .  
through their regressive numerical development), a com- 
pound organ is produced, which is higher morphologically 
than was any one of the previously separate organs. How- 
ever, a numerical reduction of the units of a meristic series 
can proceed, and perhaps does so more usually, without 
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coalescence ; and such a regressive numerical development 
is also usually associated with a progressive structural 
development of those units of the meristic series which are 
retained. Examples of such cases may be found in abundance, 
and it is sufficient here to refer to the lateral line of sense- 
organs in the Vertebrates, where a progressive development of 
certain of the individual organs is concomitant with a reduction 
in the number of the units comprising the series. And with a 
view to many analogical cases, which it is unnecessary to give 
in detail here, since any zoologist may recall many to mind, 
the law will be found to be of general application, that pro- 
gressive structural development is furthered by regressive 
numerical development, since in this way greater centralization 
of the forces of growth would ensue. And although regressive 
structural is sometimes concomitant with regressive numerical 
development, as exemplifiecl in the case of certain parapodia of 
sedentary Annelids, I recall no case of the concomitance of 
progressive structural and progressive numerical development ; 
but I would not imply by this that such a concomitance can- 
not or does not occur, but rather that such a concomitance is 
of so infrequent occurrence as not to  render invalid the 
general law just mentioned. My reason for accentuating this 
law of the usual concomitance of progressive structural with 
regressive numerical development is in order ( I )  to  characterize 
concisely a relation, which, although already recognized, has 
not yet been awarded much attention from zoologists ; and (2) 
to emphasize a point which may serve as a criterion of pro- 
gressive development. 
By the term development is meant here any organic process 
of change acting in the organism ; when such a change tends to  
further complicate the structure, it has been termed progres- 
sive development (evolution, EntwickeZuizg) ; when it tends to 
simplify the structure, regressive development (degeneration, 
Rzi'ckbiZdwzg). Speaking generally, development leads towards 
( I )  the production of new species, or ( 2 )  towards the extinction 
of already present species ; obviously, development cannot be 
conceived as holding a species stable (Le. unchanging), since 
development always implies an organic change. 
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After these preliminary explanations, we may next consider 
?he phenomena of continuing development. 
11. CONTINUING ORGANIC DEVELOPMENT IS ALWAYS ACCOM- 
PANIED BY VARIABILITY. 
Although this postulate may seem at first sight to be a mere 
enunciation of a well-known biological axiom, and a sine qua 
non of the theory of development, it is nevertheless of great 
importance for arriving at a true conception of the nature of 
variation ; and although evolutionists in general will grant 
with Darwin that for the action of Natural Selection the 
occurrence of variations is necessary, yet to my knowledge no 
one has particularly accentuated the fact of this actual con- 
comitance of variations with continuing development. Indeed, 
most biologists have accepted this fact, without a critical 
inquiry into its fundamental importance. In  my last paper1 
I laid particular stress upon this point, by saying (p. 483): 
“Now I consider this variability in the number of the eyes 
of the freshwater forms to  be explained by the general 
law, that all organs (and proptcr hoc all organisms) which are 
undergoing -progressive or regressive development tend to  be 
variable.” In  the pIesent paper I hope to  substantiate the 
validity of this ‘‘ general law ” by data from another source. 
A. Certain Criteria of Continuing Development. 
In  order to prove the assumption that continuing progressive 
and regressive development is always accompanied by varia- 
bility, it is necessary to produce a series of facts, showing that 
organs (or organisms) which are undoubtedly in a state of con- 
tinuing development always evince variability. But, although 
examples of variation may be found in abundance, it is obviously 
difficult to  prove conclusively that a given organ (or organism) 
is at a given time influenced by a continuing process of de- 
velopment. Accordingly, for each example to  be cited, we 
tions.” 
1 ‘‘ The Derivation of the Freshwater and Land Nemerteans, and Allied Ques- 
JOURNAL OF MORPHOLOGY, XI, 2, 1895. 
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must demonstrate satisfactorily that it is undergoing a process 
of development. 
The  question to be solved is then, first of all: What are our 
criteria of continuing development ? Progressive and regres- 
sive development having been sufficiently characterized, it 
remains necessary to  produce criteria, whereby we can deter- 
mine whether a given organ (or organism) is at a particular 
time dominated by a process of development, or whether the 
organ (or organism) is not being influenced by a particular 
developing agency, either progressive or regressive. We may 
now consider briefly three reliable criteria of continuing develop- 
ment, namely, ( I )  domestication, ( 2 )  the presence of geograph- 
ical races (subspecies), and (3) migration; no doubt other 
criteria may be found, but these three are sufficient for our 
present purposes. 
( I )  Domestication may be taken as a criterion oi continuing 
development, since all organisms in a state of domestication 
are being more or less continuously selected by man, with a 
view to their adaptability for certain uses. The development 
induced by human agency is also very energetic, since man’s 
uses for domesticated animals and plants are manifold, and 
since he frequently introduces changes in their environment. 
And further, as  we know in many cases that the length of 
time necessary for the production of a new 6‘ breed ” has been 
comparatively short, we must conclude that not only was the 
action of the development continuous, but also that it must 
needs have been very energetic. 
( 2 )  The presence of geogmphical races may also be considered 
a criterion of continuing development. A species is said to pre- 
sent geographical races or subspecies when in different portions 
of its breeding area particular forms occur, differing mainly in 
color and dimensions, but which are all connected together by a 
more or less perfect series of intergradations, and all of which 
may breed together fertilely. Any one at all conversant with 
the geographical distribution of animals or plants knows how 
frequently wide-ranging species are differentiated into a number 
of geographical races, and that the number of such races stands 
usually in a direct ratio to the extent, or diversification, of the 
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range of the species. Now if the Darwinian doctrine of evolution 
be true, all such races have descended from one ancestral form ; 
but I think that we may go still further, and postulate that 
wherever one geographical race grades insensibly into another, 
there the agency of development must be still continuing. 
For supposing A ,  B, C to be three intergrading geographical 
races inhabiting contiguous areas a, b, c. In  area a, together 
with the individuals of race A, will always occur some individuals 
of races B and C, which have migrated from b and c into a. 
Now these individuals, which have migrated from b and c into 
a, must adapt themselves to the new environment of the area a, 
if they would compete successfully with the individuals of race 
A ; and thus a continuous development of a considerable num- 
ber of the individuals of the species must proceed, tending to 
produce favorable adaptations in the struggle for existence, -’ 
this struggle being probably keenest where the areas a, b, and 
c overlap. I t  is still a bone of contention between systematic 
ornithologists whether individuals of a race B are ever found 
in the area proper to a race A,  or vice versa; but the cases 
where this is so, as e.g. Dendroica pahzarum and its variety 
hyfochrysea, are so numerous as to warrant the conclusion that, 
wherever the geographical lines of demarcation between the 
respective breeding areas are not strongly marked, there 
must be a considerable interchange of wandering individuals. 
And it seems to be always the rule, that the indefinitely broad 
area of demarcation is peopled promiscuously by individuals of 
the contiguous races. Only when the lines of demarcation 
are formed by high mountain ranges, deserts, or great w -+ ,i 
expanses would there be little or no interchange of individuals ; 
but when the boundaries of the areas of the several forms are 
so comparatively impassable, the various forms usually do not 
perfectly intergrade, and hence are to be classed rather as sep- 
arate species than as races of one species. Therefore it is cor- 
rect to conclude that in a widely ranging species, split up into 
a number of intergrading geographical races, a continuous 
agency of development is at work, leading to the readaptation 
of the migrating individuals to new environments. 
Darwin ((‘ Origin of Species ”) has ably argued the point 
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that where the adjoining areas of geographical races overlap, 
the struggle for existence would be keenest, so that the indi- 
viduals occupying this intermediate area would in time become 
extinct. But he has overlooked the fact that until such exter- 
mination has been brought about, i.e. as long as the races con- 
tinue to  intergrade, the intermediate area would continue to  be 
the vortex of development, and the sharp struggle there would 
itself instigate the wandering of individuals into the adjoining 
arcas, where again they must adapt themselves to new environ- 
ments. Now, when in any species the individuals occupying 
the areas transitional between those proper to the several races 
have become exterminated, the races must cease to intergrade, 
fewer individuals will continue to  wander into other areas, and, 
the struggle for existence becoming less sharp, the main factor 
in the process of development would disappear. But, as we 
have shown above, when the races cease to intergrade, and 
become more distinctly pronounced, they can sensu strict0 be 
no longer termed races, but rather distinct species. Accord- 
ingly, the presence of geographical races being correctly con- 
sidered a criterion of continuing development, we should expect 
our data to show, as indeed they do, that, other factors being 
equal, species with geographical subspecies evince a greater 
amount of variation than do species which present no geograph- 
ical races. 
It is noteworthy that extensive periodical migrations act as  
a restraint upon the production of geographical races. And 
I account for this fact by assuming that the migratory 
species, being influenced in winter by an environment to some 
extent different from that which it experiences in summer, must 
be equally adapted to both environments (eqziaZ&, a t  least, if it 
remains under the  influence of both environments for the same 
length of time), and hence, the winter environment exerting a 
restraint upon the production of adaptations suited to the 
summer environment alone, such a migratory species would 
not be capable of producing geographical races to the same 
1 In a paper which has not yet appeared, but which will be published in the 
Amcrican Naturalist for June, 1896, dealing with migration as a check upon 
geographical variation in birds. 
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degree, as would a non-migratory species with an equally exten- 
sive breeding area. 
(3) Extensive migyation may be taken as another criterion of 
continuing development. (By the term extensive migration, I 
mean, as will be explained later, a regular periodic migration 
through a considerable distance, -30” lat. or more.) For, as 
was shown in the preceding paragraph, a migratory species in 
wandering from its summer to its winter home, or vicc vcna,  
is brought into contact with a different environment, necessi- 
tating a certain amount of readaptation ; therefore, there must 
be at work a more or less continuous process of developmcnt, 
leading towards readaptations. Thus, to use a well-known 
example, a man accustomed to  spend his annual holiday abroad, 
on arriving at his destination experiences the lassitude prepara- 
tory to his becoming acclimated, and experiences the same 
physical sensations on his return. Accordingly our data should 
demonstrate that species which undertake periodic migrations 
through long distances should evince a greater amount of 
variation than do stationary species, other factors being equal 
in amount. 
Other criteria of continuing development might be mentioned, 
but as the three already given are well founded and sufficient 
for the furtherance of our deductions, we shall deal but briefly 
with a fourth. If Wallace’s theory (“Darwinism”) be true, 
that secondary sexual characters are most accentuated in those 
species where the sexual impulses are strongest, so that the sexual 
impulse may be considered as an important if not sole agent in 
their production, then we might consider the presence of strongly 
marked secondary sexual characters as  a criterion of continuing 
development, by regarding the sexual impulse itself as a more 
or  less continuing impulse to  development. In  other words, 
the degree of development of secondary sexual characters would 
stand in direct proportion to the continuousness and energy of 
the sexual impulse. And since secondary sexual characters are 
often different in otherwise closely allied species, being as a 
rule the least reliable (morphologically speaking) of specific dif- 
ferences, they must be regarded as of comparatively recent 
origin in each species, and thus be considered characters prob- 
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ably still under the agency of a process of development. But 
though this reasoning may be plausible, it is based upon Wal- 
lace’s assumption that the production of such characters is due 
to  the agency of the sexual impulse ; and rather than bind myself 
t o  such a theory, I would leave the case still disputable, whether 
or no the presence of noticeable secondary sexual characters 
should be taken as a criterion of continuing development. 
B. Data. 
It now remains to  produce data in support of the thesis 
that individual variation is always concomitant with continu- 
ing development ; and to do this, it must be demonstrated 
successively that ( I )  variation is always predominant in those 
domestic animals which have been most carefully selected by 
man;  (2) in such species as are divisible into geographical 
races; and (3) in those species which undertake extensive 
periodical migrations. 
Variation in domesticated animals is very marked, and espec- 
ially so in those forms which have been most carefully selected 
by man. It is of interest to compare the diversity of breeds 
of the dog with the fewer breeds of the cat ; the former is of 
greater practical use than the latter, and man has subjected it 
consequently to a greater diversity of conditions of life. Whether 
a greater amount of individual variation is evinced by the 
domesticated animals than by their allies in a state of nature, 
cannot as  yet be answered with certainty, since, as Bateson 
(L.c.) observes, the phenomena of variation in the wild forms are 
not known to the same extent. Cope ((( Origin of the Fittest ”) 
mentions the peacock and the Guinea fowl as forms which have 
not been rendered variable by domestication ; but these two 
may be classed as the wildest, and least carefully bred by human 
selection, of any of the domesticated birds. However, without 
going further into the much-discussed question of variation 
under domestication, the fact is sufficient for us that animals 
show considerable individual variation under domestication, 
and that the amount of variation is greatest in those species 
which have been most influenced by human selection ; and we 
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have found domestication to cause a more or less continuous 
development. 
In  order to  test the correctness of the assumption that indi- 
vidual variation is most marked ( I )  in those species which pos- 
sess geographical races, and ( 2 )  in those species which undertake 
extensive migrations, I have examined nearly all the  species of 
North American birds with reference to individual variation in 
some or all of the following dimensions : culmen of the bill, 
wing (from carpal joint to  tip of longest primary), tarsus (so- 
called, but really tarso-metatarsus), whole length (from tip of 
bill to  tip of tail), and tail (from the pygostyle to  tip of the 
longest rectrix). It was my original intention to personally 
undertake all the measurements, and with that object in view 
I commenced a series of detailed measurements upon the bird- 
skins in the collection of the Academy of Natural Sciences of 
Philadelphia. Unfortunately for me, however, this collection 
did not offer large enough series of individuals of all the species 
desired, and not having the opportunity nor time to study other 
large collections, - namely those at  Cambridge, New York, 
and Washington,-I was obliged to  desist from further personal 
examinations. In  lieu, then, of such direct examination, I have 
taken Robert Ridgway’s excellent ‘‘ Manual of North American 
Birds, I 887 ” (first ed.) as my authority for the extremes of indi- 
vidual variation, in regard to the dimensions specified,of the North 
American species of birds. And here I would express my 
hearty gratitude to Professor Ridgway for his liberality and 
generosity in allowing me to make use of his valuable data. In  
speaking of the measurements given in his work, Ridgway 
states (p. ix) : “Whenever practicable, they have been taken 
from large series of specimens, and the extremes given as well 
as the average. . . . I n  the case of closely allied forms, or 
where distinctive characters are largely a matter of dimensions 
or the proportionate measurements of different parts, care has 
been taken to measure, whenever possible, an equal number of 
specimens of the several forms to be compared ; and specimens 
in abraded or otherwise imperfect plumage, as well as young 
birds, have been excluded. When there is any marked sexual 
difference in size, the number of males and females measured 
266 MONTGOMERY. [VOL. XII. 
of allied forms has also been made as nearly equal as possible.” 
T h e  degree of individual variation in regard to the dimensions, 
according to Ridgway, is therefore based (for most of the 
species) on large series of specimens of adult individuals, in 
unworn plumage ; and as this distinguished ornithologist’s 
work is regarded as a standard by taxonomists, the accuracy of 
his measurements cannot be questioned. And as such a large 
series of data is the result of. years of painstaking work, I may 
be pardoned for not attempting such a labor in the limited time 
at  my disposal. I have taken these measurements as  given by 
Ridgway, with necessarily the exclusion of such extremes of 
variation as were based upon a very small number of individuals, 
and have computed the percentage of variation for each given 
dimension, expressing the difference between the extremes of 
variation as a percentage of the minor term of variation. In  this 
way I have deduced the percentage of variation in the dimensions 
of the larger part of the species and subspecies of North Ameri- 
can birds (together with those of a considerable number of exotic 
species, of casual or possible occurrence within our bqundaries) ; 
or, altogether, the species and subspecies of fifty-six families, 
the only omissions being the following small families : Tro- 
gan id@, A Zcedin ids, Mom otidcz, Co tingidcz, Hirzindin id@, A n r -  
Qehdcz, Laniidcz, Coeyebidcz, MotaciZZidcz, Cididcz, Certhiidcz, 
Sylviidcz. These latter families have been omitted, because 
their respective scarcity of species would hardly warrant com- 
parisons. Accordingly, using the measurements given by Ridg- 
way as my basis, I have computed the percentage of individual 
variation for one or more of the five dimensions specified, for 
the greater number (approximately 600 or more) of species 
and subspecies of North American birds. I t  is unnecessary to 
reproduce in this paper these measurements for all the families, 
which would only result in the needless occupation of too much 
valuable space in this JOURNAL ; accordingly, for purposes of 
comparison I will present tables of variation for those families 
only, in which the diagnostic characters of most of the species 
are furnished by the measurements, and for which, therefore, 
the percentages of variation, based upon such necessary accurate 
measurements, may be considered as accurate as possible. 
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Together with the degrees of variation, will be given for each 
species also, as briefly as possible, the range of migration and 
breeding area. These facts have been extracted principally from 
Ridgway's work (Z.C.), and from the recent work of Witmer Stone.1 
Birds with a migration range of 30" lat. north and south, or a 
corresponding distance east and west across the continent, I have 
classed as extemive migra?zfs ; birds with a smaller migration 
range, as  naipants; those which do not undertake regular peri- 
odic migrations, but occasionally accomplish wanderings of 
considerable extent, as irregdar migrants ; and finally, those 
which migrate not at all, or, as  the meadow lark and crow, 
migrate through only short distances, as residenfs. Such a 
classification according to the range of migration is necessarily 
an arbitrary one ; as  is shown e.g. by the migration of certain 
species from high mountain ranges to  the adjoining valleys in 
the winter season, a case which could not be classed as an 
extensive migration, although each such species meets with a 
considerable change of environment. This classification has 
been used merely as a convenience for computing the relation 
of the amount of variation to  the extent of migration of the 
species. In  other words, the extent of migration and the 
breeding area have been given for each species in order to 
learn the laws of the amount of individual variation in its 
relation to the environment.2 
1 Witmer Stone: The  Birds of Eastern Pennsylvania and New Jersey, etc. 
Philadelphia, rSg4. I would here express my gratitude to my friend Mr. Stone for 
his valuable aid in helping me to determine the migration and breeding ranges 
of certain species; and also for the facilities offered me to study the bird collec- 
tions of the Philadelphia Academy of Natural Sciences. 
2 The nomenclature adopted here for the species of birds is that employed by 
the American Ornithologkts' Union, with the emendations contained in its 
supplementary lists. I was unable to consult the second edition of this work, 
which appeared after this paper had been sent to press. 
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The following abbreviations will be employed in the tables : 
# = variation under I %. 
w = variationbetween I%and 1.5%. 
*YX = variationbetween I.S%and 2%. 
;I** = variation of 2% or more. 
li. = resident. 
I.M. = irregular migrant. 
M. = regular migrant. 
E.M. = extensive migrant. 
distr. = district. 
trop. = tropical. 
temp. = temperate. 
G. = gulf. 
c. = centre (or central). 
I. = island. 
int. = interior. 
r. = river. 
vall. =. valley. 
st. = state. 
N.E. = New England. 
A. = America. 
C.A. = Central America. 
Miss. = Mississippi. 
U.C. = British Columbia. 
n., e., s., w. = north, east, south, west (or their adjectives). 
A!] other abbreviations for states and countries are  those commonly employed 
in the U.  S. 
TABLE I. VARIATION I N  THE RALLIDIE. 
Rallus crepitans Gmel. 
K. c. saturatus Hensh. 
R. obsoletus liidgw. 
R. elegans (Aud.) 
R. beldingi Ridgw. 
R. tenuirostris (Lawr.) 
R. virginianus Linn. 
Porzana Carolina (Linn.) 
P. jamaicensis (Gmel.) 
P. noveboracensis (Gmel.) 
Ionornis martinica (Idinn.) 
Gallinula galeata (Licht.) 
Fulica atra Linn. 
F. americana (Gmel.) 
hf IGRATION. 
BREEDIKG ARRA. 
M. Atlantic marshes n. to 
R. coast of La. 
R. coast marshes from L. Cal. 
M. freshwater marshes of e. 
I:. e. coast of L. Cal. 
Ii. c. s( w. Mex. 
E. hl. whole N. A. n. to Hud- 
E. M. n. U. S .  northward. 
15. hi. s. U. S. n. to Mass. & 
E. M. n. U. S. to Hudson U. 
hI. nearly whole trop. & warm 
M. whole trop. S- temp. N. A. 
&I. n. Eurasia. 






w. to Utah. 
t e m p  A. 
t o  I{. C. 
Alaska. 
No. I . ]  ORGANZC VARlATION. 
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269 
SPECIES. 
Elanoides forficatus (Linn.) 
Ictinia plumbea (Gmel.) 
Kostrhamus sociabilis (Vieill.) 
Circus hudsonius (Linn.) 8 
0 
Accipiter velox (Wils.) 8 
P 
A.  cooperi (Bonap.) 8 
P 
A. atricapillus (Wils.) 8 
9 
Parabuteo unicinctus (Temm.) 
P. u. harrisi (Aud.) 8 
P 
Buteo borealis (Gmel.) 8 
0 
B. b. harlani (Aud.) 8 
P 
B. abbreviatus Cab. 8 
9 
B. swainsoni Bonap. 6 
9 
B. brachyurus Vieill. 8 
B. latissimus (Wils.) 8 
P 
€3. lineatus (Gpel.) 8 
P 
8. 1. elegans (Cass.) 8 
0 
0 
B. buteo (Linn.) 
B. albicandatus sennetti 
Allen 8 
Urubitinga urubitinga (Gmel.) 
U. ridgwayi Gurney 
U. anthracina (Licht.) 8 
Archibuteo lagopus(Brunn.) 8 
A. ferrugineus (Licht.) 8 
Aquila chrysztos (Linn.) 8 







H. leucocephalus (Linn.) 8 




















































M. trop. Sr warm temp. N. A. 
R. s. Mex. to Paraguay. 
R. Mex. to Argentine Rep. 
E. M. whole of N. A. 
E. hl. whole of N. A. 
R. temp. N. A. & Mex. 
M. n. e. N. A. n. of U. S. 
R. S. A. 
R. C. A. Sr s. U. S. 
R. e. N. A. w. to Gt. Plains. 
R. G. St. & lower Miss. vall. 
R. n. E. Hemisphere. 
R. n. S. A. to s. Tex. & s. Cal. 
R. w. N. A. from Alaska to 
Argentine Rep. 
R. trop. A. n. to e. Illex. 
ti. M e. N. A. to Saskatchewan. 
M. e. N. A. w. to Gt. Plains. 
R. Pacific coast of U. S. 
R. e. S. A. to s. Tex. 
R. Costa Rica to Argentine 
R. Guatemala Sr s. Mex. 
R. trop. A. n. to s. Anz. 
bI. n. E. Hemisphere. 
M. w. U. S. n. to Saskatche- 
Rep. 
wan. 
R. n. portions of N. Hemis- 
phere. 
phere. 
M. n. portions of E. Hemis- 
R. whole of N. A., Kam- 
schatka. 
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SPECIES. 
Thalassoretus pelagicus (Pall.) 
Falco islandus Briinn. 
F. rusticolus Linn. 
F. r. gyrfalco (Linn.) 
F. r. obsoletus (Gmel.) 
F. mexicanus Schleg. 
F. peregrinus Tunst. 
F. p. pealei Ridgw. 
F. deiroleucus Temm. 
F. albigularis (Daud.) 
F. regulus Pall. 
F. columbarius Linn. 
F. c. suckleyi Ridgw. 
F. richardsonii Ridgw. 
F. fusco-ccerulescens Vieill. 
F. sparverius Linn. 
F. dominicensis Gmel. 
Polyborus tharus (Mol.) 
P. cheriway (Jacq.) 

















































































































M. Kamschatka sea-coasts. 
R. circumpolar regions. 
M. extreme n. N. A. 6i Eura- 
sia. 
[. M. n. Europe & arctic A. 
M. coast of Labrador. 
R. w. U. S. s. to hlex. 
M. Europe and portions of 
Asia. 
R. Aleutian Is. & coast of Ore. 
K. trop. A. n. to s. Mex. 
R. trop. A. n. to n. Mex. 
R. Eurasia. 
E. M. N. A. chiefly n. of U. S. 
M. n. Cal. to Sitka. 
M. int. of N. A. from Col. 
northward. 
R. trop. A. n. to s. Tex. & 
N. M. 
M. whole temp. N. A. 
R. Cuba & Hayti. 
R. S. A. 
R. s. U. S. to Ecuador. 
R. Guadelupe I. 




Campephilus principalis (Linn.: 
C .  p. bairdi (Cass.) 
C. imperialis (Gould) 
C. guatemalensis (Hartl.) 
Dryobates villosus (Linn.) 
D. v. leucomelas (Bodd.) 
U. v. audubonii (Swains.) 
D. v. maynardi Ridgw. 
I). v. harrisii (Aud.) 
D. v. jardinii (Malh.) 
D. pubescens (Linn.) 
I). p. gairdnerii (Aud.) 
1). borealis (Vieill.) 
D. scalaris (Wagl.) 
D. s. parvus (Cabot) 
D. s. bairdi (Scl.) 
U. s. lucasanus (Xantus) 
I). s. sinaloensis (liidgw.) 
I>. s. graysoni Baird 
D. nuttallii (Gamb.) 
I). arizonre (Iiargitt) 
Xenopicus albolarvatus (Cass.) 
Picoides arcticus (Swains.) 
P. americanus Erehm 
P. a. alascensis (Nelson) 
P. a. dorsalis Baird 
Sphyrapicus varius (Linn.) 
S. v. nuchalis Baird 
S. ruber (Gmel.) 
S. thyroideus (Cass.) 
Ceophloeus pileatus (Linn.) 
hlelanerpes erythrocephalus 
M. formicivorus (Swains.) 
M. f. bairdi Kidgw. 
M. f. angustifrons Baird 
M. torquatus (Wils.) 
M. elegans (Swains.) 
M. carolinus (Linn.) 
M. rubriventris (Swains.) 
M. pyFmzeus Ridgw. 
M. aurifrons (Wagl.) 
M. uropygialis (Raird) 
Colaptes auratus (Linn.) 
C. chrysocaulosus Gundl. 
C. chrysoides (Blalh.) 
C. cafer (Gmel.) 
C. c. saturatior Ridgw. 
C .  rufipileus Kidgw. 
( I h n .  
_- ~ ~ _  




R. formerly s. Atlantic & Gulf 
St. 
R. Cuba. 
11. w. Mex. 
R. s. Mex. to  Costa Rica. 
M. e. U. S. except s. St. 
M. n. N. A. w. to  Alaska. 
li. s. Atlantic Sr Gulf St. 
R. Bahamas. [s. to  Mex. 
M.? w. U. S. e. to Rocky Mts., 
I<. e. Mex. s. to Veragua. 
K . n . & e . N . A .  [N.M. 
I<. w.U.S. ,  n . t o B . C . ,  s. to  
I<. s. e. U. S. w. to Tex. 
I<. s. e. Mex. 
R.  Yucatan. 
R. table-lands of Mex. to U. S. 
R. s. L. Cal. 
R. w. Mex. 
K. Tres Marias Is. 
11. Cal. 
R. s. Ore. 8 n. w. Mex. 
R. mts. from Wash. T e n .  t o  
11. n. N. A. s. to border of 
hl.  n. N. A. e. of Rocky Mts. 
M.? Alaska to  Gt. Slave Lake. 
I<.? Rocky Mts. from Kodiak 
E. 111. n. e. N. A. n. of U.  S. 
M.? Rocky Mts. of U. S. 
I<. coast from Alaska to Cal. 
I<. w. U. S. to  Rocky Mts. 
I<. whole of N. A. 
M. e. U. S. 
R. s. e. Mex. to Costa Rica. 
l<. Mex. 8 contiguous U. S. 
I<. s. L. Cal. 
R. w. U. S.  e. to Rocky Mts. 
hI. e. U. S. w. to  Rocky Mts. 
R. Yucatan. 
R. Cozumel I. 
R. 11. e. Alex. & s. Tex. 
I<. s. Ariz. 8 Cal., L. Cal., w. 
ill. e. N. A. w. to Gt. Plains. 
lt. Cuba. [Sonora. 
I<. b. e. Cal., L. Cal., s .  A r k ,  
K.? w. U. S. & 11. Mex. e. to  
Rocky Mts. 
I<.? coabt from Cal. to Sitka. 
11. Guadelope I.  
s. Cal. [U. s. 
to N. M. 
I<. s. s: w. nlex. 
Mex. 
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Milvulus tyrannus (Linn.) 6 
Tyrannus tyrannus (Linn.) 
T.  magnirostris Il’Orb. 
T. tlominicensis (Gmel.) 
T. crassirostris Swains. 
T. melancholicus couchi 
(Baird) 
T. verticalis Say 
T. vociferans Swains. 
Pitangus derbianus (Kaup) 
P. bahamensis Bryant 
Myiozetetes texensis (Giraud) 
Myiodynastes luteiventris Scl. 
M. audax (Gmel.) 
M. a. nobilis (Scl.) 
M. a. insolens liidgw. 
M. m. magister Kidgw. 
M. crinitus (Iinn.) 
M. nuttingi Kidgw. 
Myiarchus mexicanus (Kaup) 
M. cinerascens Lawr. 
M. brachyurus Ridgw. 
M. yucata.nensis L a w .  
M. sagrae Guncll. 
M. lucaysiensis Iiryant 
hl. laivrencei (Giraud) 
M. 1. olivascens Ridgw. 
M. flammulatus Lawr. 
Sayornis phmbe (Lath.) 
S. nigricans (Swains.) 
S. saya (Bonap.) 
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E. acadicus (Gmel.) 6 
0 
E. pusillus (Swains.) 6 
E. bairdii Scl. 
E. salvinii (Ridgw.) 
-__ 
Contopus borealis (Swains.) 
C. pertinax Cab. 
C. virens (1,inn.) 
C. richardsonii (Swains.) 
C. brachytarsus Scl. 
C. bahamensis Bryant 
C .  caribxus (D’Orb.) 
Empidonax albigularis (Scl.) 





Q f i  
- __ 


















































































~ ~ E I I U I X ~ ~  AREA. 
R. Mex. to S. A. Sr Lesser 
Antilles. 
E. M. N. A. e. of Rocky Mts. 
I:. Cuba Sr Bahamas. 
K. I\‘. Indies, coast of G. of 
Mex. 
R. hlex. 
R. Guatemala & Mex. to s. Tex. 
M. w. N. A. e. to  Gt. Plains. 
R. Guatemala, Mex., L. Cal. 
R. 11. S. A. to Rio Grande. 
R. Bahamas. 
R. Colombia to n. Mex. 
I:. Mex. to Panama. 
R. Cayenne, Trinidad, Tobago. 
l<. Costa Rica s. to Ecuador. 
1:. s.e. Mex. 
1:. Guatcmala n. to e.  Mex. 
hI. w. Mex. to s. Ariz. 
M. e. U. S. to  Canada. 
M. w. U. S. e. to Rocky Mts. 





I:. s. ?‘ex. to Guatemala. 
M. w. Mex. to s. Ariz. 
1;. s. m. Mex. 
M. e. N. A. n. of Gulf St. 
M. coast from Ore. to Mex. 
hf. w. N. A. 11. to Saskatche- 
E.M. n. U. S. northward. 
1:. Guatemala to s. Ariz. 
M. e. U. S. n. to Canada. 
15. M. w. N. A. to int. of B. C. 
1:. Yucatan & s. Mex. 
R. Bahamas. 
R. Cuba. 
1:. s. e. Mex. & Guatemala. 
M. w. U. S. n. to Sitka. 
E. M. n. U. S. northward. 
R. s. L e. Mex. 
R. highlands of Guatemala 
E. M. e. U. S. 
E. M. w. N. A. to Sitka. 
wan. 
No. I . ]  ORGAiVlC VARIA TION. 
TABLE IV. - Continued 
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E. p. traillii (Xud.) 8 *  
E. minimus Raird 8 %  




E. f. pygmzus (Coues) # 
Pyrocephalus rubineus mexi- 
Ornithion imberbe (Scl.) # 




E. M. n. U. S. northward. 
E. M. n. U. S. northward. 
E. M. w. N. A. n. to L. Slave 
R. s. Mex. 
R. s. Mex. 
I:. s. Ariz. to w. Mex. 
R. Guatemala to s. U. S .  
R. C. A. to s. Tex. 
R.? w. Mex. to s. Ariz. 
_ _ _ _ _ _ _ ~ . -  
TABLE V. VARIATION I  THE CORVIDB. 
-. 
Pica pica (Linn.) ' ## I rw P. p. hudsonica (Sab.) 
P. nuttalli Aud. ## 
Psilorhinus mprio (Wagl.) 
P. cyanogenys Gray 
P. mexicanus Riipp. 
Cyanocitta cristata (Linn.) +* 
C. c. florincola Coues. # 
C. stelleri (Gmel.) I W  
C. s. frontalis Ridgw. IxIi 
C. s. annectens (Baird) i w  
C. s. macrolopha (Baird) ## 
C. s. diademata (Honap.) +* 
C. s. coronata (Swains.) 
Aphelocoma floridana (Bartr.) I 
A. woodhousei (Baird.) ## 
A. insularis Hensh. I *# 
A. californica (Vig.) m 
A. c. hypoleuca (Ridgw.) 
A. sumichrasti Ridgw. 
A. couchi (Uaird) 
A. sieberii (Wagl.) 
A. s. arizonz Ridgw. 
Xanthoura luxuousa (Less.) 
I 






























i I<. n. c. Europe. 
h+ I R. w. N.A.from N. M. to Ariz. 
** I<. Cal. 
st 1:. e. Mex. 
x R. e. Mex. 91 coast of Honduras. 
I** 1:. s. Mex. to Costa Rica. 
R. e. N. A.  n to fur countries. 
x1 R. Ha. 
**ri R. n. w. coast from Cal. to 
#X , R. Sierra Nevada. 
**. I I:. n. Rocky Mts. 
)I#* R. s. Rocky Mts. to n. Mex. 
# I<. highlands of c. Mex. 
w K. s. hlex. to Guatemala. 
c* I;. Fla. 












R. coast from s. Cal. to Ore. 
R. s. 1.. Cal. 
R. s. Mex. 
R. L. N o  Grande vall. 
I:. s. Mex. 9 southward. 
K. n.w. Mex. Sr adjacent Ariz. 
SC N. M. 
R. e. Mex. 









TABLE V. - Com’inued. 
Alaska. 
# # # #  t R. Commander Is. 
# xu xx xx R. s. w. U. S. & table-lands of 
XR .y x**4i w R. e. N. A. except arctic dists. 
x t# *I #x* R. Wash. Terr. to Kodiak. 
x t  xyx xy* *** R. coast from Long I. to La. 
x *I *w r* R. w. Mex. 
# x x R.w. N. A. from Ariz. to Alaska. 
Mex. 
w x x  *x R. s. Fla. 











E . M . e . N . A . i n U . S . w . t o  
Gt. Plains. 
M. U. S. & s. Can. 
R. Mex., L. Cal., contiguous 
R. Rio Grande to Panama. 
u. s. 
M. marshes of w. U. S. 
M. nearly whole temp. N. A. 
P. c. nigricapillus Ridgw. 
P. c. fumifrons Ridgw. 
P. c. capita1.i~ Baird 
P. obscurus (Ridgw.) 
Corvus corax Linn. 
C .  c. sinuatus (Wagl.) 
C. c. principalis Ridgw. 
C. c. behringianus Dybowski 
C. cryptoleucus Couch. 
C. americanus Aud. 
C .  a. floridanus Baird 
C. caurinus Baird 
C. ossifragus Wils. 
C. mexicanus Gmel. 
Nucifraga columbiana (Wils.) 
Cyanocephalus cyanocephalus 
(Wied) 
Molothrus ater (Bodd.) 2 
M. a. obscurus (Gmel.) 8 
Callothrus Eneus (Wagl.) 8 
P 
Xanthocephalus xanthocepha- 
lus (Bonap.) 8 
Agelaius phmniceus (Linn.) 3 
A. p. sonoriensis Ridgw. 
A. p. bryanti Ridgw. 
A. gubernator (Wagl.) 8 
A. assimilis Gundl. 
# * r;u R. coast region of Labrador. 
x *x*x *# K. Alaska. 





P *  
*x*x +# 
o w -  
## # 
8 .  
? *  * - +xx 
P *  * a *  * 
m I w I +* I x w  I xx I R. n. Cal. & n. Sierra Nevada 
x 
x 
to n. c. 
R. Eurasia. 
R. w. U. S. to Guatemala. 
R. n. N. A. from Greenland to 
R. n. w. Mex., s. Cal., lower 






l * l  
R.vall.of Ore. & Cal. into Mex. 
R. Cuba. 
R. w. N. A. between Rocky 
**I1 * 1 Mts. & Sierra Nevada. 
TABLE VI. VARIATION IN THE ICTERIDIE. 
Dolichonyx oryzivorus (Linn.) 
01 I Y 































Pinicola enucleator (Linn.) 
Pyrrhula cassini (Baird) 
Carpodacus purpureus (Gmel.) 
C. p. californicus (Baird) 8 
C. cassini Baird 
(Coop.) 
C. mexicanus (Mull.) 
C. m. frontalis (Say) 
C. amplus Ridgw. 
Loxia curvirostra minor 
L. c. stricklandi (Ridgw.) 




ORGANlC Vd RId TION. 





8 .  
x 
# 
8 .  







* +  
x 
x w  
# 
## 
A. tricolor (Nutt.) 8 .  *i 
9 .  * 
8 x*** x* 
9 %  + 
S. m. neglecta (Aud.) 8 *  * 
9.. * 
S. m. mexicana (Scl.) 8 * +# 
9 .  
9 
Q. q. aglairs (Baird) 8 .  * 
Q. q. aeneus (Ridgw.) 8 -  * 
9 .  
Q. niacrourus Swains. 8 r  * 
Sturnella magna (Linn.) 
Quiscalus quiscula (Linn.) 8 * *x 
Q. graysoni Scl. E 
Q. tenuirostris Swains. 9 




# # m  
R. coast vall. from s. Cal. to 
w. Ore. 
R. e. N. A. n. to Canada, w. to 
Gt. Plains. 
K. w. N. A. from Manitoba to 
w. Mex. 
R. s. Ariz. & e. Mex. to Costa 
Rica. 
M. Atlantic slope of U. S. from 
N. E. southward. 
K. G. coast from Fla. to  La. 
M. c. N. A. n. to  N. E. 
I<. s. Tex. to  Nicaragua. 
K. w. Mex. 
R.s. Atlantic&G.coastof U.S. 
K. c. Mex. 
TABLE VII. VARIATION I  THE FRINGILLIDE.  
1 x  
I. hi. w. N. A. n. to B. C. 
I. M. n. Eurasia. 
hl .?  n. Alaska & portions of 
Siberia. 
M. e. U. S. northward. 
M. coast from s. Cal. to  B. C. 
M. w. U. S. from H. C. to Mex. 
R. e. h s. Mex. 
M. w. U. S. from 40° lat. to 
R. Guadelupe I. 
M. n. N. A. e. of Gt. Plains. 
R. s. w. U. S. & Mex. 
M. n. U. S. northward. 








L. tephrocotis littoralis (Baird) 
L. atrata Ridgw. 
L. australis (Allen) 
L. arctoa (Brandt) 
Acanthis hornemannii (Holb.) 
8 
P 
A. h. exilipes (Coues) 8 
0 
A. linaria (Linn.) 8 
P 
P 
A. 1. rostrata (Coues) 8 
0 
A. 1. holboelli (Brehm) 8 
Spinus psaltria (Say) 
S. lawrencei (Cass.) 
S. notatus (Du Bus.) 
S. atriceps (Salv.) 
S. pinus (Wils.) 
Carduelis carduelis (Linn.) 
Plectrophenax nivalis (Linn.) 8 
0 
P. n. townsendi Ridgw. 8 
P 
P. hyperboreus Ridgw. 8 
P 
Calcarius lapponicus (Linn.) 8 
0 
C. pictus (Swains.) 8 
0 
C. omatus (Towns.) 
Pooczetes gramineus (Gmel.) 
P. g. confinis (Baird) 
Ammodramus princeps 
A. sandvichensis (Gmel.) 
(Mayn.: 
A. s. savanna (Wils.) 
A. s. alaudinus (Bonap.) 
A. s. bryanti Ridgw. 







































































































































M. coast mt. ranges of n. w. 
N. A. 
M. (summer range unknown). 
M. high mts. of Col. 
M.? n. e. Asia. 
M. n. Greenland & e. Arctic A. 
M. circumpolar continental re- 
gions. 
M. n. portions of N. Hemis- 
phere. 
M. n. coasts of Eurasia, por- 
tions of Alaska. 
M. s. Greenland. 
M. w. U. S. from n. Cal. to Col. 
M. Cal. 
I<. highlands of s. Mex. & 
Guatemala. 
R. Guatemala. 
E. M. n. U. S. northward. 
R. Eurasia. 
M. circumpolar regions. 
R. Alaska, Prybilof, & Com- 
M. Hall I. 
E. M. circumpolar regions. 
E. M. int. of Arctic A. 
M. Ct. Plains n. to Saskatche- 
M. e. N. A. from Va. to Ont. 




M. Sable I. 
M. n. w. coast from Una- 
laschka south. 
M. n. U. S. to Labr. 
E. BI. w. N. A. n. to Alaska. 
R. salt marshes of San Fran- 
R. salt marshes of s. Cal. Sr 
cisco Bay. 
I,. Cal. 
No. I.]  ORGANIC VARZATlON. 
TABLE VII. - Continued. 
SPECIES. 
A. rostratus Cass. 
A. r. guttatus (Lawr.) 
A. bairdii (Aud.) 
A. savannarum passerinus 
A. s. perpallidus Ridgw. 
A. henslowii (Aud.) 
A. lecontei (Aud.) 
A. caudacutus (Gmel.) 8 
(Wils.) 
P 
A. c. nelsoni Allen 8 
P 
A. maritimus (Wils.) 
A. nigrescens Ridgw. 
Chondestes grammacus (Say) 
C. g. strigatus (Swains.) 
Zonotrichia querula (Nutt.) 
Z. leucophrys (Forst.) 
Z.l. intermedea Ridgw. 
Z. 1. gambeli (Kutt.) 
Z. coronata (Pall.) 
Z. albicollis (timel.) 
Spizella monticola (Gmel.) 
S. m. ochracea (Brewst.) 
S. socialis (Wils.) 
S. s. arizonae Coues 
S. pusilla (Wils.) 
S. p. arenacea Chadb. 
S. pallida (Swains.) 
S. breweri Cass. 
S. atrigularis (Cab.) 
Junco aikeni (Kidgw.) 
J. hyemalis (Linn.) 
J. h. carolinensis Brewst. 
J. h. oregonus (Towns.) 
J. caniceps (Woodh.) 


































































































































































M. coasts of s. Cal., L. Cal., & 
R. Cape St. Lucas. 
M. Gt. Plains from Da. to Sas- 
Sonora. 
katchewan. 
&I. e. U. S. & s. Canada. 
M. w. U. S. e. to Gt. Plains. 
M. e. U. S. to Gt. Plains,n. to 
E. M. Gt. Plains from Da. to 
M. coast from Me. to N. Ca. 
M. marshes of Miss. vall. 
M. coast from Mass. to Tex. 
R. s. e. Fla. 
M. Miss. vall. n. to Mich. 
hl. w. U. S. e. to Gt. Plains. 
M. e. Gt. Plains from Mon. to  
H. M. high mts. of w. U. S. to 
E. M. Alaska & Mackenzie r. 
M. coast mts. of Cal. to B. C. 
M. n. Cal. to Norton Sound. 
M. n. U. S. northward. 
hl. Labr. S! Hudson B. region. 
E. M. Alaska. 
M. e. N. A. to Gt. Slave Lake. 






M. e. U. S. & s. Canada, w. to 




E. M. Gt. Plains n. to Sas- 
M. w. U. S. e. to Rocky Mts. 
R. Mex., L. Cal. 
I. M. Rocky Mts. in Col. & Wy. 
M. Me. to Alaska. 
R. s. Alleghany Mts. 
M. coast from Cal. to Sitka. 
M. Rocky Mt. distr. 
R. highlands of Mex. 
278 
Y i  
Penca3a a3stivalis (Licht.) 
1’. a. bachmani (Aud.) 
[VOL. XII .  
Embernagra rufivirgata 1,awr. 
E. r. crasirostris liaird 
Pipilo erythroph thalmus 
P. e. alleni Coues 
P. maculatus Swains. 
TI. r. verticalis Ridgw. 
(Linn.) 
J. c. dorsalis (Henry) 8 1 * 
9 %  
J. c. palliatus Kidgw. 61 * 
0 ’  * 
J ,  alticola Salv. I *  
J. annectens (Baird) 8 *  
J .  insularis Riclgw. 61 -* 





J. bairdi Iklding 
Amphispiea bilineata (Cass.) 
A .  mystacalis (Hart].) 
A. humeralis (Cab.) 
A.  b. nevadensis (Hidgw.) 8 A. belli (Cass.) 8 
P. mexicana (1,iwr.) ’ 
1’. botteri Scl. 
1’. cassini (Woodh.) 
P. ruficeps (Cass.) 
P. r. boucardi (Scl.) 
P. carpalis C o w s  
P. notosticta Scl. & Salv. 
Melospiza fasciata (Gmel.) 
M. f. montana (Hensh.) 
M. f .  heermanni (Baird) 
M. f. samuelis (I3aird) 
M. f. mexicana Ridgw. 
M. f. fallax (Baird) 
M. f. guttata (Nutt.) 
M. f. rufina (Uonap.) 
M. cinerea (Gmel.) 
M. georgiana (I.ath.) 
M. lincolni (Aud.) 
Passerella iliaca (Merr.) 





































































12. s. Rocky hfts. 
R. s. Ariz. & adjacent Mex. 
K. highlands of hIex. 
hI. Ft. 1;ridger northward. 
R. Guadelupe I. 
It. mts. of s. L. Cal. 
M. s. w. U. S. & Mex. 
R. s. Illex. 
K. s. Mex. 
K. Cal. to Cape St. Lucas. 
&I. w. U. S. from Mex. to  Mon. 
12. Fla. & lower Ga. 
R. s. Atlantic & G. St. 
I<. Mex. 
I<. s. e. Mex.  
Al.  s. w. border of U. S. 
R. Cal. 
R. Mex., s. Ariz., N. M., L.Cal. 
R. s .  Ariz. 
K. s. Mex. 
R. e. U. S. & Brit. Prov. n. of 
40° lat. 
R. Rocky Mts. w. to Ore. & 
Nev. 
12. int. of Cal. 
R. mas t  of Cal. 
12. s. hlex. 
I<. Ariz. 
1:. coast from Ore. to Van- 
couver. 
I<. coast of s .  Alaska. 
R. Aleutian Is. 
M. c.  U. S. to Lahr. 
B. M. 11. U.  S. northward. 
E. hl. G. of St. Lawrence to 
E. hI. coa5t of Alaska. 
12. mts. of Cal. 
M. Rocky Mts. 
12. Rio Grande vall. southward. 
R. s. hlex. 
R. Yucatan. 
Labr. ,ei Alaska. 
M. s. St. to B. A. 
I<. Fla. 
I<. c. hlex.  to Guatemala. 
No. I . ]  ORGALVIC I'ARIA iV0.l: 
TABLE VII. - Confinuea! 
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P. m. arcticus (Swains.) # 
P. m. megalonyx (Baird) rn 
P. m. oregonus (Bell) ## 
P. consobrinus Ridgw. 
P. carmani Lawr. x 
P. macronyx Swains. x 
P. chlorosoma Baird 
P. chlorurus (Towns.) 
P. rutilus Licht. 
P. fuscus Swains. x 
P. f.  mesoleiicus (Baird) xx 
P. f. albigula (Baird) i*x 
P. f. crissalis (Vig.) u1 
C. c. superbus Kidgw. 6 .  
C. c. igneus (Uaird) 6 -  
P. aberti Baird 
Cardinalis cardinalis (Linn.) 8 w 
C. c. coccineus Ridgw. 3 x 
C. c. yucatanicus Ridgw. 8 x 
C. c. saturatus Ridgw. 6 x 
C. carneus (1,ess.) x 
Pyrrhriloxia sinuata Bonap. 
Habia 1 udoviciana (Linn.) 
H. melanocephala (Swains.) 
Guiraca caxulea (Iinn.) 3 L 
G. c. eurhynctra Coues 8 x 
G. cyanoides concreta 
(Du Bus) r+ 
Passerina parellina (Bonap.) LY 
P. a m a n a  (Say) 
P. cyanea (Linn.) 
P. versicolor (Bonap.) 8 
P. v. pulchra Ridgw. 6 
P. ciris (Linn.) 
P. leclancheri 1,afr. 
P. rositre (Lawr.) 
Sporophila morelleti (Bonap.) 
S. torqueola Honap. 
5. corvina Scl. 
Euetheia bicolor (Linn.) 
Spiza americana (Gmel.) 
Calamospiza melanocorys 


















































M. Gt.Plains to Saskatchewan. 
M. Rocky Mts. from I,. Cal. to 
M. coast from Cal. to  €2. C. 
R. Guadelupe I. 
R. Socorro I. 
R. vall. of Mex. 
K. s. Mex. 
M. Rocky Mts. n. to  Ore. 
R. s. Mex. 
R. Alex. 
R. N. bI. & s. Ariz. 
K. L. Cal. 
R. Cal. 
R. N. M. Sr Ariz. to Col. 
I<. e. U. S. n. to 40° lat. 
R. w. Mex. to s. Ariz. 
I:. I,. Cal. 
R. e. & c. Mex. 
K. Yucatan. 
R. Cozumel I. 
R. s. w. Rlex. 
12. n. coast of S. A. 
1:. Mex. h contiguous U. S .  
E. M. 11. U. S. s( Canada. 
hl. w. U. S. e. to Gt. Plains. 
M. s. e. U. S. 
&I. w. U. S. n. to Col. & Cal. 
R. C. A. to e. Mex. 
R. s. Sr e. Mex. 
M. w. U. S. e.  to Gt. Plains. 
M. e. U. S. h s. Canada to  Gt. 
12. e. Mex. to Tex. 
R.  L. Cal. & w. Mex. 
hl. s. Atlantic & Gulf St. 
R. s. w. Mex. 
R. s. Mex. 
R .  Rio Grande to Costa Rica. 
R. w. Mex. 
R. e. Mex. to Costa Rica. 
R. Bahamas. 
E. M. e. U. S .  to Rocky Mts. 
M. Gt. Plains from Kan. to 
Wash. 
Plains. 
beyond U. S. 
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Mniotilta varia (Linn.) #* +ti# x1* 
Protonotaria citrea (Bodd.) # 1 ~ i  1 
Helinaia swainsonii Aud. n UI* *rr #x#i +x1 
Helmitherus vermivorus 
(Gmel.) 8 x x m x#i 
Helminthophila celata (Say) # XXI x 
MONTGOMERY. [VOL. XI I. 
TABLE VIII. VARIATION I  THE VIREONIDAL 
E. M. e. N. A. from Potomac 
r. t o  Hudson Ray. 
M. Gulf St. &lower Miss. vall. 
M. Gulf St. Sr lower Miss. vall. 
M. e. U. S. n. to about 40°. 
E. M. n. N. A. from Rocky 
Mts. to  Alaska. 
SPllCIIIS. 
Vireo altiloquus barbatulus 
V. olivaceus (Linn.) 
(Cab.: 
V. flavoviridis (Cass.) 
V. 'cinereus Kidgw. 
V. philaclelphicus (Cass.) 
V. gilvus (Vieill.) 
V. g. swainsoni (Baird) 
V. flavifrons Vieill. 
V. solitarius (Wils.) 
V. s. cassinii (Xantus) 
V. s. alticola Brewst. 
V.  s. plumbeus (Coues) 
V. atricapillus Woodh. 
V. noveboracensis (Gmel.) 
V. n. maynardi Brewst. 
V. bellii (Aud.) 
V. b. pusillus (Coues) 
V. ochraceus Salv. 
V. huttoni Cass. 
V. h. stephensi Brewst. 
V. pallens Salv. 
V. vicinior Coues 
V. gundlachi Lemb. 
V. hypochryseus Scl. 
Hylophilus decurtatus (Bonap. 
































































R. Cuba, Bahamas, s. Fla. 
E. hl. e. N. A. n. to Hudson B. 
R. Kio Grancle to Upper Ama- 
I<. Cozumel I. 
E. M. e. N. A., chiefly n. of 
E. M. e. N. A. n. to  Hudson R. 
E. M. w. U. S. e. to Rocky 
E. M. e. U. S. n. of middle 
E. M. e. N. A,, chiefly n. of 
M. w. U. S., chiefly on Pacific 
M. higher s. Alleghany hits. 
M. Rocky Mt. clist. of U. S. 
M. s. Gt. Plains n. to  Kan. 
E. M. e. U. S. w. to Rocky Mts. 
R. Key West. 
M. Gt. Plains n. to Da. 
R. s. Cal., L. Cal., Ariz. 
R. Yucatan to Guatemala. 
K. CaI. 
R. Mex., Tex., L. Cal., Ariz. 
R. w. coast of Costa Rica & 
R. s. Cal., Ariz., N. M., n. w. 
w. to Rocky Mts. 
zon. 
u. S. 
w. to Gt. Plains. 
hIts. 






R. s. w. Mex. 
R. e. Mex. & Guatemala. 
R.  s. Mex. s. to  Costa Rica. 
No. I.] 
m $  






# # I  
m * #  
# # # * *  
# 
1x*# 





* * *  
## 
## 
w # # #  






ORGANIC VARIA TION. 
TABLE IX. - Continued, 
~ ___ 
2 
w ?  
-_ 
* *  
* 
* 
# #  
# 
*+L1 
W #  
# 
x 






# # #  
# #  
x 
# 
* #  
# # # #  
#* 
x1 
* # #  
## 
*#1 
* X #  
2 8  I 
SPaaas. 
H .  c. lutescens Ridgw. 
H. ruficapilla (Wils.) a 
H. r. gutturalis Ridgw. 2 
H .  virgin= (Raird) 
H. luciae (Coop.) 
Compsothlypsis americana 
C. nigrilora (Coues) 
C. insularis (Lawr.) 
C. graysoni Kidgw. 
Dendroica tigrina (Gmel.) 
D. olivacea (Giraud) 
D. aestiva (Gmel.) 
D. caerulescens (Gmel.) 
D. coronata (Linn.) 
D. audubonii (Towns.) 
D. maculosa (Gmel.) 
D. caerulea (Wils.) 
D. pennsylvanica (Linn.) 
D. castanea (Wils.) 
D. striata (Forst.) 
D. dominica (Linn.) 
D. d. albilora I3aird 
D. blackburniz (Gmel.) 
D. graciz Coues 
D. decora (Ridgw.) 
1). nigrescens (Towns.) 
1). chrysoparia Scl. & Salv. 
D. virens (Gmel.) 
D. townsendi (Nutt.) 
D. occidentalis (Towns.) 
1). vigorsii (Aud.) 
D. kirtlandi Haird 
1). discolor (Vieill.) 
U. palmarum (Gmel.) 
1>. p. hypochrysea Ridgw. 
Seiurus aurocapillus (tinn.) 
S .  noveboracensis (Gmel.) 
S. n. notabilis (Grinn.) 
(Linn. 
D. petechia (Linn.) 8 
MIGRATION. 
BREEDING AREA. 
M. coast from s. Cal. to Ko- 
diak. 
Hudson Bay. 
E . M . e . N . A . f r o m n . U . S . t o  
M. w. U. S. from Rocky Mts. 
M. mts. of w. U. S. 
R. Ariz., s. e. Cal., Sonora. 
E. M. e. U. S. to Canada. 
R. lower Kio Grande vall. 
R. Tres Marias Is. 
R. Socorro I. 
E. M. n. N. A. to Hudson Bay. 
R. Tex. to Guatemala. 
E. M. e. & n. N. A. 
R. W. Indies, Cozumel I. 
E. M. e. N. A. from n. N. E. 
M. n. U. S. northward. 
E.M. w. N. A.n. to 11. C. 
E. M. n. N. E. to Hudson Bay. 
E. hT. Miss. vall. to Allegha- 





E. M. n. N. E. to Hudson Bay. 
E. M. n. N. E. & Labr. to 
Alaska. 
M. s. Atlantic St. 
M. Miss. vall. n. to  Gt. Lakes. 
E. M. e. N. A. from n. U. S. 
northward. 
hI. s. Ariz. & N. M., Mex. 
R. s. Mex. & Guatemala. 
M. w. U. S. n. to Ore. & Col. 
R. c. Tex. 6r highlands of Gua- 
E. M. n. e. U. S. northward. 
E. M. w. N. A. n. to Sitka. 
M. w. U. S. near coast. 
M. e. U. S. n. to  Ont. 
hf . 
M. e. U. S .  n. to Mich.& s. N.E. 
E. M. int. of N. A,, n. to Gt. 
M. coast from Nova Scotia to 
E. M. e. N. A. to Alaska. 
E. M. n. e. U. S. northward. 






2 8 2  
1: 
! z P  
5 s s  
--- 





W u r #  
* # I  
* # #  
* # #  
* * *  
# 
* #  















TABLE IX. - Continued. 
(r, 
u 3  
# #  
#.cxxI 
# 
# *  
# *  
+ I  
[VOL. XII. 
Oroscoptes montanus (Towns.) 
Mimus polyglottos (Linn.) 
M. lawrencei Kidgw. 
M. gracilis Cab. 
SPECIES. 
I x # 
XW XH UM 
+ # * .  
# # # # #  
S. motacilla (Vieill.) 
XI 
CXXI 
Geothlypsis formoss. (Wils.) 
G.  agilis (Wils.) 
C. pliiladelphia (Wils.) 
M. Artemisia Plains of w. U. S. 
IW K. 3s' lat. to Mex. & Bahamas. 
il R. s. Mex. 
M* R. Atlantic coast from Yuca- 
G. rnacgillivrayi (Aud.) 
G. trichas (Linn.) 
G. t. occidentalis Brewst. 
G. melanops Haird 
G. beldingi Ridgw. 
G. rostrata Bryant 
G. tanneri Ridgw. 
G. coryi Ridgw. 
G. speciosa Scl. 
G. poliocephala Baird 
G. palpebralis Ridgw. 
G. caninucha Kidgw. 
Icteria virens (Linn.) 
I. v. longicauda (Lawr.) 
Sylvania mitrata (Gmel.) 
S. pusilla (Wils.) 
S. p. pileolata (Pall.) 
S. canadensis (Linn.) 
Setophaga ruticilla (Linn.) 
Cardellina rubifrons (Giraud) 
Ergaticus ruber (Swains.) 
Basileuterus culcicivorus 
R. belli (Giraud) 
R. delatrii Bonap. 
B. rubrifrons (Swains.) 
(Licht .: 
MIGRATION. 
BREEDING AREA. d s - 
* M. e. U. S. n. to  Gt. Lakes. 
t*y E . M . e . U . S . t o s . N . E .  
#H E. M. Manitoba. 
x* 
* n a E . M . M t s . o f w . N . A . n . t o  
M. e. U. S. n. to Canada. 
R. e. & s. Mex. 
E. M. N. E. northward. 
# 
# B. c. 
WI M . w . U .  S. 
c 
I# R. s. L. Cal. 
* R. New Providence I. 
.II R. Obaco I. 
x K. s. e. Mex. 
R. Eleuthera I. 
R. w. Mex. 
R. e. Mex. & Yucatan. 
R. Guatemala to Costa Rica. 
*ur M. e. U. S. n. to Ont. 
il M. w. U. S.  




E. M. n. e. U. S. northward. 
E. M. w. N. A. to Kodiak. 
E. M. e. N. A. n. to L. Winni- 
t I R:h$knds of e. Mex. 
a R. Veragua to e. Mex. 
# R. Guatemala & e. Mex. 
nw R. Guatemala to Panama. 
c R. s. Mex. 
TABLE X. VARIATION IN THE TROGLODYTIDIE. 
M. gundlachii Cab. 
Galeoscoptes carolinensis 
E. M. e. N. A. n. to  5 4 O  lat. 
M. e. U. S. to  Rocky Mts., n 
R. Socorro I. 
to  Ont. 
No. I.]  
t’ 
8 ;  
1## 
## 
m x  
*## 
W #  
w # #  
w * . #  
# # #  
## 




# #  
# # #  
ORGAiVZC V A N A  TZOLV 






# *  
# #  








X I #  
# #  
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* *  
# 










H. longirostris (Lafr.) 
H. guttatus Ridgw. 
H. cinereus Xantus 
H. bendirei Coues 
H. curvirostris (Swains.) 
H. c. palmeri Ridgw. 
H. c. occidentalis Ridgw. 
H. redivivus (Gamb.) 
H. lecontei (Lawr.) 
H. crissalis (Henry) 
Heleodytes brunneicapillus 
H. affinis (Xantus) 
Salpinctes obsoletus (Say) 
S. guadeloupensis Ridgw. 
Catherpes mexicanus (Swains.: 




T. 1. miamensis Ridgw. 
T. albinucha (Cabot) 
T. bewickii (Aud.) 
T. b. spilurus (Vig.) 
T. b. bairdi Salv. & Godm. 
T. brevicaudus Kidgw. 
T. felix Scl. 
T. lawreiici (Iiidgw.) 
T. niaculipectus Lafr. 
T. in. umbrinus Kidgw. 
1’. m. cannobrunneus Ridgw. 
Troglodytes insularis Baird 
T. beani Kidgw. 
T. afdon (Vieill.) 
T. a. parkmanii (Aud.) 
T. intermidius Cab. 
T. bruiineicollis Scl. 
T. hiemalis Vieill. 
1’. h. pacificus Ijaird 
T. alascensis Haird 
Cistothorus stellaris ( lch t . )  
C .  polyglottus Vieill. 
C .  palustris (Wils.) 














































* R. Cozumel I. 
* R. L. Cal. 
w+ R. s. Ariz. 
* I<. Mex., s. Tex. & s. N. M. 
K. s. Ariz. 
x R. coast of w. Mex. 
*;Y* R. Pacific coast of Cal. & L. 
01 R. vall. of Colorado and Gila 
R. e. Mex. & s. Tex. 
Cal. 
rivers. 
n. L. Cal. 
** R. N. M., Ariz., s.Utah, s. Cal., 
# 
x R. s. L. Cal. 
IX 
m R. Guadelupe I. 
I R. hfex., s. Tex. 
HI R. s. w. U. S. n. to  Ore. 
w M. n. e. Mex. & e. U. S. to 40° 
R. s. w. border of U. S. 
R. arid distr. of w. U. S. s. to 
Guatemala. 
mi R.’?e. Fla. 
x K. Yucatan & Guatemala. 
HI hl. e. U. S. n. to 40’ lat., w. to 
*+ R. coast from w. Mex. to B. C. 
WYI R. tal)le-lands of Mex. to Kan. 
I<. Guadelupe I. 
it R. w. hlex. 
# R. Tres Marias Is. 
r R.s. Mex. 
at I<. Guatemala. 
I R. Yucatan. 
x R. kiocorro I. 
# 1:. Cozumel I. 
Gt. Plains. 
nx* M. e. U .  S. & Canada, w. t o  
+* M. w. U. S. s. to Vera Cruz. 
w R. s. hlex. to  Costa liica. 
fil 1 1:. s. e. hlex. 
MW I f .  11. e. U. S. northward. 
w , M. coast f rom s. Cal. to Sitka. 
m t /  1:. Aleutian & I’rybilof Is. 
.* M. e. U. S. \v. to Gt. Plains. 
hu4#  I<. e. trop. A.  from hfex. to 
m’ M. e. U .  S. & Brit. Prov. 
*I 1 M. w. U. S. to Rocky Mts. 
Miss. vall. 
1;razil. 
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TABLE XI. VARIATION I  THE PARIDE. 
SPECIE~. 
Sitta carolinensis Lath. 
S. c. aculeata (Cass.) 
S. canadensis Linn. 
S. pusilla 1,ath. 
b. pygniaea Vig. 
Parus atricristatus Cass. 
P. a. castaneifrons Sennett 
P. inornatus Gamb. 
P. i. cinernsceris IWgw. 
1'. i. griseiis I2idga. 
1'. wollme!m-i (Ibnap.) 
1'. gam1)eli Kiclgw. 
P. meridiotialis Scl. 
P. caroiinensis Aud. 
P. atricapillus (Liiin.) 
1'. a. occitlentalis (Haird) 
P. a. septentrionalis (Harris) 
P. cinctus obtectus (Cab.) 
P. hudsonicus Forst. 
P. rufescens Towns. 
P. r. neglecta Ridgw. 
Psaltiparus minimus californi. 
P. m. grind= (Held.) 
P. plumbeus Haird 
P. melanotis (Hartl.) 
Auriparus flaviceps (Sund.) 
Chamrca fasciata Gamb. 
C. f .  henshawi I2idgw. 
cus Kidgw. 
___ ___- _ 
R. e. U. S. & Brit. Prov. 
I<. w. U. S. into Mex. 
M. chiefly n. of U. S. 
K. s. Atlantic & Gulf St. 
I<. w. U. S. to Mex.,e. to Rocky 
Mts. 
R. e. Mex. to s. Tex. 
I<. e. Tex. 
I<. coast from s. Cal. to Ore. 
12. s. 1.. Cal. 
K. lZocky hlt. ciistr. of U. S. 
12. hi,ohl.inds of hIex. to s. Ariz. 
I<. mti. of m. U. S 
12. higlilandb of Mes. 11. to s. 
R. e. U. S. s. of 40° lat. 
R.I. e. N. A. n. of 40° lat. 
12. 11. w. coast distr. of U. S. 
I<. Rocky Mt. distr. from N. >I. 
R. e. Siberia Sr n. Alaska. 
R.? n. N. A. e. of Rocky Mts. 
I<. coast from Ore. to s. Alaska. 
R. coast of Cal. 
R. Cal. 
R. s. L. Cal. 
R. Rocky Mts. from Col. to s. 





R. arid distr. of n. Mex. s( coil- 
tiguous U. S. 
I<. coast of Cal. 
R .  int. of Cal. 
TABLE XII. VARIATION I N  THE TURDIDE. 
-_ ___ ____ 
Myadestes townsendi (Aud.) 
KI. obscurus Lafr. 
hl. 0. occidentalis Stejn 
M. 0. insularis Stejn 
M. unicolor Scl. 
Turdus mustelinus Gmel. 




*& 31. mts. of w. U. S. to H. C. 
12. highlands of e. Klex. & Gua- 
11. c. Ccr w. Mex. 
Y It. Tres Marias Is. 
# 12. highlands of s. Mex. SC Gua- 
31. e. I!. s. to hlnss. 
temala. 
temala. 
1 " iog lat. 
** 
*#*% 1' \1 e .  N. A. between 40' k 
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TABLE XII. - Contiwed. 
SPECIas. 
T. f. salicicolus (Ridgw.) 
T. alicia: Baird 
T. a. bicknelli (Ridgw.) 
T. ustulatus (Nutt.) 
T. u. swainsonii (Cab.) 
1'. aonalaschka: Gmel.8 
T. a. auduboni (Uaird) 
T. a. pallasii (Cab.) 
T. iliacus Iinn. 
Merula migratoria (Linn.) 
M. m. propinqua Ridgw. 
M. confinis (Baird) 
&I. flavirostris Swains. 
M. graysoni Kidgw. 
Hesperocichla na:via (Gmel.) 
Cyanecula suecica (Linn.) 
C. wolfii Urehm 
Saxicola cenanthe (Linn.) 
Sialia sialis (Linn.) 6 
Q 
S. s. azurea (Baird) 6 
P 
S. mexicana Swains. 6 
S. arctoa (Swains.) 6 
0 
S. s. guatemala: Ridgw. 6 
- 




~ _ _ _ _  
M. Rocky Mts. 
E. hl. Labr. to Arctic coast. 
E. hl. Catskill Mts. to Nova 
E. M. Pacific coast n. to Sitka. 
E. hZ. e. N. A. n. of U.  S. 
M. coast from Cal. to Kodiak. 
hl. Rocky Mts. 
hl.  n. e. U. S. northward. 
hI. n. Eurasia. 




M. w. U. S. n. to  B. C., e. to 
R. S. L.'Cal. 
R. w. & s. Mex. 
R. Tres hlarias Is. 
M.w. N. A. n. to Behring Strait. 
M. n. Eurasia. 
hl. c. Europe. 
M. n. portions of N. Hemis- 
M. e. U. S. w. to Rocky Mts. 
R. highlands of hlex. & s. Ariz. 
R. highlands of Honduras 8; 
phere. 
Guatemala. 
R. w. U. S. n. to B. C., e. to 
M. Rocky Mts. n. to Gt. Slave 
Rocky Mts. 
Lake. 
(XIII) represents the percentage of 
species and subspecies examined, of fourteen families, evincing 
variation of a t  least 1.5% in two dimensions. Only such species 
and subspecies enter into the computation for which Ridgway's 
measurements express variation in at least three of the  five 
dimensions ; and the percentages have been deduced separately 
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The following table (XIV) represents the percentage of 
species and subspecies examined, of nine families, which 
exhibit an amount of variation of at least 1 . 5 ?  in two out of a t  
least three dimensions examined. These percentages are com- 
puted separately : for ( I )  distinct species (i.e. without geograph- 
ical races), and ( 2 )  geographical races. In this computation 
necessarily MeZospiza fasciata, e.g., is considered a race, just as 
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The following four tables (XV-XVIII) give respectively the 
percentage of those species and subspecies examined, in each 
family enumerated, showing an amount of individual variation 
of at least z$ in the particular dimension (culmen, wing, tarsus, 
or whole length). Only such families are computed, for which 
Ridgway’s data express individual variation in the particular 
dimension for a t  least ten species. 
TABLE XV. 
Comparative tabulation of percectage of species examined, with variation in the 















Comparative tabulation of percentage of species examined, with variation in the 
length of the wing of at least 2%. 
Vireonidae 26 o 
Mniotiltidz 7 1  o 
Parido 26 o 
T u r d i d z  3’ 0 
Icterida: 43 0 
Corvidre 4’ 0 



































Comparative tabulation of percentage of species examined, with variation in the 









Comparative tabulation of percentage of species examined, with variation in the 

















1 3 . 5  
13.2 
13.6 







1 Whenever a species has been considered i n  the calculations of Tables XV-XVIII, for which 
Ridgway gives the extremes of variatioil in a particular dimension separately for the sexes, 1 haye 
computed and added the percentage of each sex as an equivalent to that of a species. This method 





Larger, with Smaller, with Larger, with priF 
greatest greatest greatest 





Larger, with Smaller, with Larger, with Smaller, with 
greatest greatest greatest greatest 





Falconida: I 0  
Trochilidae 
Icterida: I i 1 9 /I 1 i 
Fringillidae 
~ ~ 
7 '5 '9 '5 
4' 26 20 
I1 20 9 I 0  
16 '7 I 2  '4 
2' 
Wing. 
Falconida: 0 '9 16 0 
Fringillidae 9 
Trochilida: 
Icterida: I 1 i 1 1  p 1 
Falconidae 18 8 
Trochilidae 
Icterida: I 1 1/ ; 1 : 
Fringillidae 6 
Trochilida: 
Icterida: I I i 11 g 1 
Tarrus. 
Whole Lengtk. 
Falconidae 'I 9 0 
Fringillidae 4 
54 77 5' 4' 
Totals. L---y--l --- 
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C. Direct Inferences from the Tabdated Data. 
(a) It is the rule that, in genera comprising more than one 
species, those species which inhabit small or insular breed- 
ing areas do not evince as  much individual variation in the 
dimensions as do species with more extensive and diversified 
breeding areas. This fact becomes at once apparent after a 
study of the Tables I-XII, when a comparison is made 
between species inhabiting small islands, or other restricted 
districts, and those which have a much wider distribution. But 
few exceptions are to be found to this rule. 
(h) It is the rule that species with geographical races, when 
the latter differ from one another in one or more dimensions, 
evince a greater amount of individual variation than do species 
which are not divided into such races, provided that the breeding 
area is approximately equal in extent and diversification in both 
cases. Thus of the nine families tabulated in Table XIV, in 
all, with the single exception of the FnZco?zidq a greater per- 
centage of geographical races evince variation to the amount 
of I . S $  in two dimensions, than of species which are not split 
into races. If, however, the geographical races of a species 
differ from one another mainly in color (as e.g. those of Cardiza- 
lis cwdinalis), and less or not at all in dimensions, then as a 
rule they do not evince a greater amount of variation in the 
dimensions than do species without geographical races.l In 
Table XIV, further, the percentages in favor of geographical 
races may still be increased, when we consider that many 
species which are as yet regarded as distinct, may in the 
future be classed by ornithologists as subspecies, -resulting 
in a subtraction from the left hand column of percentages, 
and an addition to that on the right. 
(c) I t  is the rule, subject to the preceding two 6‘ laws,” that 
migratory species evince a greater amount of individual varia- 
Though I have not investigated in birds the facts of individual color varia- 
tion,-a kind of variation of which it is  obviously difficult to determine the 
amount, I would be inclined to  conclude, apriori, that the races of a specie!; differ- 
ing from one another mainly in color would present a greater amount of color 
variation than would species which are not divisible into color races, other 
factors being equal in both cases. 
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tion than do non-migratory species ; and species which under- 
Lakc extensive migrations, a greater amount than species 
which make migrations of less magnitude (Table XIII). This 
fact is conformable with our law ” a, since migratory species 
have as a rule more extensive breeding areas than have non- 
migratory species. Thus of the I 10 species which undertake 
extensive migrations, entering into the computation of table 
XIII ,  104 (94.5% inhabit breeding areas of comparatively great 
extent, while but 6 (5.4F) iohabit small areas.’ 
(d )  It is the rule, that males exhibit a greater amount of 
individual variation in the dimensions than do females of the 
same species or subspecies. For of the 223 computed meas- 
urements of both sexes in Table XIX,  in 131 cases (58.7%) the 
males show the greater amount of variation, and in 92 cases 
(41.2q6) the  females,-a difference of about 17.59 in favor of 
the males ; and of the 273 measurements of both sexes com- 
puted in Table XX, in 165 cases (60.4F) the males show the 
greater amount of variation, and in 108 cases (39.576) the 
females show the greater amount, -a difference of about 
20.8% to the advantage of the males. 
(8) I t  is the rule that there is less variation in the length 
of the wing. than in the length of the culmen, tarsus, or whole 
bird. This fact becomes at  once apparent, by comparing the 
“cu rve”  of variation expressed in Table XVI  with the 
‘( curves ” of variations of the other three dimensions (Tables 
We may now consider the support given by these five 
1 1  laws ” to  the thesis, that continuing development is always 
accompanied by variability. 
To  recapitulate briefly : it follows from the data given, that 
the greatest amount of individual variation occurs, as a rule, in 
those species occupying the most extensive breeding areas ; 
that  of two species occupying breeding areas approximately 
equivalent in extent, the one divided into geographical sub- 
xv, XVII ,  XVIII). 
These six species are Ammodramus Zecontei, SpizcZla monticola ochracea, 
PassercZla iliaca unaZnsrhcensis, Chen caerzdesrcns, C. hyperhorea, Tuvdtrs a l i k e  
bickxeffi; of these, only the first and third evince variation to the amount of 1.5% 
in two dimensions. 
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species evinces a greater amount of variation than the “stable” 
species ; and that species which undertake extensive migra- 
tions exhibit more individual variation, other factors being 
equal, than do species which do not migrate. Now in the first 
part of this second section, we have found that the presence 
of geographical races (subspecies) and migration are two 
criteria of continuing development. Therefore, the fact that 
the amount of variation is greater in migratory species, and in 
species which exhibit geographical races, than in non-migratory 
species, or than in species which present no geographical sub- 
species, is a sufficient proof for the assertion that continuing 
development is always associated with variability. In  other 
words, individual variation is greater in amount in those 
species which we must consider under the influence of a con- 
tinuing process of development than in those species which 
we must consider as  being influenced by no process of develop- 
ment at all, or by a much less energetic development. And as 
we have found variation is as a rule more marked in migratory 
than in non-migratory species, and in extensively migratory 
than in less migratory species ; and further, that as a rule, 
greater individual variation is present in the several races of a 
species which exhibits a large number of races than in the 
races of a species exhibiting a smaller number, - therefore we 
must conclude that the amount of individual variation stands 
in a direct ratio to  the activity and energy of the operating 
process of development. In  short, the logical sequence from 
the facts given is plainly that the amount of individual 
variation stands in a direct ratio to the degree of complex- 
ity of the environmental forces which influence the organism. 
A species with an extensive breeding area, or one which 
meets with environmental changes in the course of its 
migrations, is more variable than a species with a restricted 
and little diversified breeding area, or than a non-migratory 
species, which does not come into contact with new environ- 
ments. 
The  fact that the dimensions of birds are more variable in 
‘he males than in the females is interesting, as offering a 
parallel to  the case in man, where, too, the males are more 
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variable.' Also in domesticated animals, the males are more 
variable (Darwin). Why the wing should be less variable 
than the other dimensions, is difficult of solution on any other 
ground, than that the wing has but one main function, while 
the tarsus and the bill are put t o  a diversity of uses, which 
would result in the two latter being more variable. 
111. ON THE ORIGIN OF VARIATION. 
The  doctrines of Lamarck and Darwin teach that the 
organism is more or less adapted to  its environment ; even 
Bateson (h., p. 10) grants a certain amount of such adaptation, 
though in the main he militates against the assumption of any 
complete degree of adaptation. We may then start out from 
the assumption, for the correctness of which there is strong 
evidence, that it is a biological law for the organism to be more 
or less completely in correlation with its environment, in order 
to  insure its existence. It is even permissible to  go further, 
and assert that its chance of existence will stand in direct pro- 
portion to the degree of its adaption to the environment. (By 
the term environment, which is used here in its full sense, is 
meant the sum total of all the external forces acting upon the 
organism.) Therefore it is obvious that the chance of the 
organism's existence must depend upon its degree of correla- 
tion with the environment, or, in other words, with its readiness 
of response to the external conditions. This law being so 
reasonable, and so thoroughly in accord with our modern 
biological ideas, it is not necessary to enter into any further 
discussion of its plausibility. 
For  the purpose of advancing further deductions as to the 
primal cause of variation, we may proceed from the considera- 
tion of a species which, we have reasons to conclude, is, com- 
paratively speaking, perfectly adapted to its environment. We 
* It is not impossible, that in birds, as in man, the female may be more con- 
servative and less progressive than the male, and passing a more (physiologically) 
monotonous existence than the latter, is less influenced by the struggle for 
existence, and accordingly is less variable structurally. This suggestion has, how- 
ever, no more value than that of a mere comparison. 
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may take, for example, a species inhabiting a small island, 
which is comparatively uniform in character throughout its 
extent (in vegetation, etc.), antl at all seasons of the year 
(climate, etc.). Such insular species are very numerous among 
land-inhabiting animals of ti-opical distribution. Thc  environ- 
ment influcncing the insular species being then so uniform antl 
unchanging in its action upon it, the species could more easily 
and quickly adapt itself to it, than if the environment were 
changeable. Taking then an insular species, which, we have 
reasons to suppose, has inhabited a particular island for a com- 
paratively long period, - and there are usually certain criteria 
whereby we may judge whether its residence there has been of 
long duration, - we must suppose that it had time to become 
adapted to its environment; and if we have equally good 
reasons for supposing that the character of the environment 
itself has not changed, it must seem probable that its adaptation 
to the environment is con~paratively perfect. Granting such a 
species, accordingly, to be closely adapted to its environment, 
let us consider what changes, if any, would occur in the 
organism, if the environment should change. And it may be 
remarked just here, that marked changes have been recorded 
by geologists and others in different districts, as is well known, 
such as a surface rising or sinkage, changes in vegetation due 
to a prolonged drought, the invasions of organisms strange to 
the region, destruction of life caused by epidemics, etc. 
And in fact, in many districts where the environment appears 
to the human sense to be practically unchanging, a slow and 
gradual change may nevertheless be taking place. 
Now such an organism is ndaptcd to its environment, at  the 
same time that its various organs must necessarily bc cor- 
related to one another. n y  correlation of the organs is meant, 
as was explained in the introductory part of this paper, their 
mutual dependence upon, and concerted physiological action 
with, each other. Thus, in the casc under question, we must 
treat together the two facts : ( I )  the adaptation of the organism 
to  its environment, ant1 ( 2 )  the physiological 2nd morphological 
correlation of its organs. When a change of cnvii-onnicnt 
occurs, i .r. when cons~q~ient ly  a new -in.! tlil'fcrmt cnvironvicnt 
commences to  influence the organism, the latter cannot at first be 
adapted to this new environment, but must become, so to speak, 
out of touch with it. This change of environment must then 
influence the organism, primarily, by disturbing or interrupting 
the correlation of its organs. For  even should the change of 
environment interrupt directly the physiological action of only 
one of the organs, this particular organ would no longer be 
capable of acting in concerted harmony with the other organs, 
and thus the correlation of the whole would be disturbed. For 
example, if the customary food supply become exhausted, so 
that the organism is compelled to seek nourishment of a dif- 
ferent kind, not only in the immediate intestinal cells must a 
physiological (and consequent morphological) change ensue, 
but also the structure and function of each organ, indirectly 
dependent upon the  intestine’s action, must become modified. 
And, par; ~ ~ S S U ,  if the external forces acting upon a sense- 
organ assume a different direction, not only must this particular 
organ become physiologically modified, but indirectly also the 
nervous system, and all organs in functional communication 
with the latter;  or if a certain organ become diseased, its 
normal action must become to some extent impeded, which 
would exert an influence upon the functions of the other 
organs. In  fact, whatever organ be directly influenced by a 
change in the environment, a modification of the functions and 
structure must result in those organs which are in correlation 
with it. 
Accordingly, after a change in the environment, a temporary 
disturbance of the correlation of the organs must result. When 
we speak in this way of an interruption ” or of a Ii disturbance ” 
of the correlation, we mean that the mutual dependence of the 
several organs upon one another is reduced, so that they become 
to an inverse extent independent of one another. Now I con- 
sider that the origin of variation is to be found in this condition 
of temporary independence of the organs, which independence 
is caused by change of environment, resulting in the partial 
interruption of the organs’ correlation. For  each organ, after 
the disturbance of such mutual correlation, becomes more nitto- 
dyiznmic, - more independent of the restraining influences of 
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the others, and consequently its own forces of growth and 
action may operate more freely and to greater extent than was 
possible in the previous condition, when it was held in check 
by the state of correlation with the other organs. In  other 
words, after any change of the environment, that is, after any 
consequent interruption of the correlation of the organs, each 
organ becomes temporarily more autodynamic than it was before, 
and the comparatively independent action of its vital forces 
may result in the production of abnormalities, which are known 
as variations. To what extremes these variations may go in 
amount or extent will be considered in the next section. 
The  question arises a t  this point in the argument : why, when 
through the interruption of the correlation of the organs a 
certain degree of temporary independence of each of the latter 
ensues, should any of the particular organs exert this indepen- 
dence in the production of structural variations? Now we 
have seen that the chances of existence of an organism stand 
in a direct proportion to  the degree of its adaptation to the 
environment ; and further, that a complete correlation of its 
organs is necessary before a perfect adaptation to  its environ- 
ment is possible, thereby its chance of existence depending 
upon the degree of correlation of its organs. Accordingly, 
when the correlation of the organs has been disturbed by a 
change in the environment, it has but a small chance of exis- 
tence until this correlation is restored. This deduction can 
hardly be questioned, because it is difficult to conceive of an 
organism existing when the correlation of its organs is greatly 
impaired. It follows, therefore, that the organism must attempt, 
in its fight for life, to  restore this correlation, which is obviously 
a step necessary for its becoming adapted to  the new environ- 
ment. Plainly, then, after the correlation of the organs has 
become more or less interrupted, the several organs would exert 
their degree of temporary independence of one another in such 
a manner as to restore the correlation. Rearing this point in 
mind, and remembering in this connection the previous assump- 
tions of our argument, we conclude : that organic structural 
vdn'ations aye the morjhologicab msults of physiological exertions 
on the part of the or-mism, to restore that complete correlation 
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of its organs which had bccn distu~bcd by a change of environ- 
mcnt. Even in the case of a disease attacking an organism, 
may we not regard any abnormal growth produced by the 
afflicted organism itself, to be the structural result of vital 
processes in the organism striving to restore the correlation of 
its organs ? Indeed if we consider, which we must in view of 
the facts a t  hand, that correlation of the organs is a physio- 
logical necessity for the existence of an organism, then, if this 
correlation be disturbed by a change of environment, we are 
logically forced to  conclude that the organism must make the 
attempt to restore this correlation, and that structural variations 
would be the result of such a physiological exertion. 
A similar explanation of the origin of structural variations 
can be reached also from another standpoint : when a change 
of environment disturbs the correlation of the organs, the cor- 
relation when restored must differ to some extent from the 
previous state of correlation, since the new environment exerts 
a different influence upon the functional activity of the organs. 
But, as a different state of correlation cannot be conceived as 
existing in the same structural unity, certain changes of struc- 
ture are necessarily involved, and these we term “variations.” 
The  statistics given in this paper on variation in birds show 
that species with restricted breeding ranges and which are non- 
migratory in habit are, as a rule, much less variable with regard 
to  dimensions - other factors being approximately equal -than 
are species occupying more extensive and more diversified areas, 
and which undertake periodical migrations of considerable mag- 
nitude. We are justified in concluding from these facts, that 
as a rule the amount of variation stands in direct ratio to the 
degree of environmental diversity of the inhabited area, i.e. to 
the amount of change of environment which influences the  
organism. And, as  the degree of interruption of the correlation 
of the organs must be in direct proportion to the amount of 
change in the environment, the greater variation in those species 
of extended and diversified habitats is easily and solely explain- 
able on our deduction, that the greater change in the environ- 
ment should cause greater physiological independence between 
the several organs ; and therefore the structural changes emu- 
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ing from the physiological escrtions to  restore the correlation, 
should be greater than in species of comparatively restricted 
and uniform habitats which experience neither so many nor so 
great changes of environment. 
Rrcapiizdation. - Organic variation owes its origin indirectly 
to change of environment. For  it is necessary for the existence 
of an organism that its organs be correlated physiologically and 
(consequently) morphologically, and no adaptation to its environ- 
ment, a factor which is also necessary for its existcnce, can be 
brought about until the organs become correlated. Now when 
a change occurs in the environment, this change checks the 
normal action of one or more of the organs, and influences indi- 
rectly the others, so that the correlation of the organs becomes 
temporarily disturbed or interrupted. The  degree of disturbance 
in the correlation of the organs, probably stands in a direct 
ratio to the amount of change in the environment ; and accord- 
ing to  the statistics given above, the amount of variation cer- 
tainly stands, as  a rule, in direct proportion to the complexity 
of the environment. Naturally, when an interruption of the 
correlation occurs, the several organs become to such a degree 
independent of one anotheras is the extent of its disturbance : 
the greater the disturbance of the correlation of the organs, 
the more autodynamic the individual organs become. I n  order 
to adapt itself to the new environment, the organism must first 
restore the correlation of its organs. Now the several organs, 
being no longer held in strict restraint by the agency of a com- 
plete correlation, make use of their temporary degree of physi- 
ological independence in order to restore this correlation. Any 
structural changes resulting from the exertions of the compara- 
tively unrestrained (independent or autodynamic) physiological 
forces of the organs, to restore their correlation, are organic 
variations. 
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IV. ON VARIATION AS A CRITERION OF DEVELOPMENT. 
In  the preceding pages I have tried to analyze briefly the 
processes of progressive and regressive development, and from 
a study of the facts of variation in birds, which show that the 
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amount of variation stands in a direct proportion to the amount 
of change in the environment, to  advance a theory of the origin 
of variation, - as  due directly to the physiological exertions on 
the part of the organism, to restore the correlation of the organs 
which had been disturbed by a change of environment. This 
theory is sustained by the facts given here, and if it be corrob- 
orated by future studies, we may use it as a standpoint from 
which to review the phenomena of organic variation, as offering 
criteria for the study of the processes of development. 
The  question often recurs to the biologist engaged in com- 
parative anatomical investigations, why in a certain species a 
particular organ should be structurally variable, which is emi- 
nently stable in allied species. I t  has, thus far, been the  
method of the biologist to attempt an explanation of this 
variability by reasons derived from his assumptions as to the  
phylogenetic origin of the group, and of the different forms 
comprising it. But may we not, conversely, acquire some 
understanding of the hitherto unknown, or but hypothetically 
conjectured, development and homologies of an organ, by start- 
ing out from the facts of the phenomena of variation themselves? 
This is a line of research inaugurated by Bateson, and which 
may in time afford important results. 
First of all, it is well to recall to mind the two factors neces- 
sary for the existence of the organism: ( I )  its adaptation to  
the environment, and ( 2 )  the correlation of its organs. When 
the environmental forces become more complex in their action, 
the intimacy of the correlation of the organs being more or less 
in a direct proportion to the degree of complexity of these 
external forces, as will be shown later, - then the structural 
development occasioned by such a change of environment must 
be a progressive one, if the organism would maintain its adapta- 
tion to the environment. Rut if, on the other hand, the change of 
environment is tending toward a simplification of the previously 
complex action of the environmental forces, then the organism 
must undergo a regressive structural development in order to 
remain in adaptation to the environment. In other words, if 
the environment is becoming more complex, the structure of the 
organism must also become more complex in order to insure its 
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adaptation ; while if the environment is becoming less complex, 
then the structure of the organism must become less intricate. 
For if the environmental action become more complex while 
the structure of the organism remains as it was, or becomes 
more simple, then the latter can no longer continue to exist ; or 
if the environment become less complex in its action while the 
organism's structure either remains as it was or becomes more 
complicated, its extinction must be brought about. These 
relations of changes in the environment to changes in the 
structure of the organism, with reference to their effect on 
the existence of the latter, may be graphically represented as 
follows : 
A .  
Increasing 
{ dei:g!'of) = continued existence of organism. 
complexity of f Regress. 
organism 
enVimnment 1 {development of )= extinction of organism. 
I 
B. 1 ( c i e t : g F o i ) =  extinction of organism. 
Decreasing 
environment development of = continued existence of organism. 
complexity Of 1 { + R e g y s .  1 
organism 
I 
Accordingly, when the phenomena of variation are more 
clearly understood, and the direction and quantitative amount 
of change in the environment can be determined, then it will 
be possible to predict the future of a given organism. 
Now variation, as I have tried to explain it, expresses a want 
of correlation between the several organs ; and such an inter- 
ruption of the correlation can be caused only by the agency of 
a change of environment. Accordingly, it is permissible to 
state of a variable organ that it is not i n  complete correlation 
with its fellow organs ; and consequently, further, that some 
change is occui-ring, or has talien place, in the environment. 
A possible example of such a case is that afforded by the now extinct group 
of Ammonites. 
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Therefore, in order to explain the presence of variation in a 
certain species of a group not present in the same organ of 
closely allied species, we must compare the conditions of the 
environment of the one with those of the others. Thus, 
regarded from this standpoint alone, when variation is per- 
ceptible in organ x of species A, but not so in organ x of a 
closely related species B, we may conclude that organ x of 
species A is being influenced by some change of environment 
which is not affecting the corresponding organ x of species B. 
May we not consider that the particular organ in A is com- 
mencing to develop in a new direction, while the organ in B is 
remaining unchanged ? By this would be merely shown, how- 
ever, that whenever variation is noticeable, the organ evincing 
it is tending towards an ultimate structural modification, due to  
the fact of a change of environment already taking, or having 
taken, place. 
What light can the phenomena of variation throw upon the 
phylogeny of organisms ? I consider that it may be possible 
to decide, with a certain degree of certainty, whether a given 
species is developing progressively or regressively at  the present 
time, and whether in the near past it has progressed or degener- 
ated ; by basing our conclusions as to its course of development, 
present and past, upon the direction and degree in which the 
variation appears. This may seem to be a bold assumption, but 
if the views expressed in this paper upon the nature and origin 
of variation be probable, we may yet learn that the study of 
variation may furnish valuable criteria for estimating the facts 
of phylogeny. As Bateson observes (l.c., p. 6), two criteria of 
phylogeny upon which much confidence is misplaced, namely 
the ontogeny and the direct study of adaptation, are by no 
means infallible ; so that to-clay we have only the criterion of 
the facts of palzeontology, -a criterion which Bateson fails to 
mention, with which we may feel ourselves secure. And this 
being the case, we should gladly avail ourselves of a further 
criterion, namely, the phenomena of variation. 
In  comparing the antagonistic states, progressive and regres- 
sive developmciit (cf. Section I), it was found that progressive 
development leads towards ;1 more complicated structural motli- 
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fication, and regressive development to a structural simplification 
of the  organism. Now, as is generally conceded, species are 
maintained in the struggle for existence by the preservation of 
favorable individual variations, i .e.  (to my mind), variations 
which are favorable, in as much as they tend to produce a 
complete correlation of the organs ; and all such structural 
variations are necessarily either more complex or more simple 
than the normal. T h e  preservation of favorable individual 
variations which are more complex would result in the produc- 
tion of a more highly differentiated species ; and, on the other 
hand, the preservation of those which are less complex would 
result in the formation of a morphologically less differentiated 
species. Accordingly, we must first determine whether the 
variations are above or below the normal, -more complex or 
more simple. For if the variations are more complex, then 
if they should be preserved a more highly organized species 
would be evolved ; and if they are structurally simpler, and 
should be preserved, a less highly organized. Similarly, judging 
from the palaeontological remains of a series of individuals of 
a now extinct species, it might be possible, after a careful investi- 
gation into the nature and amount of individual variations 
exhibited by them, to conclude whether a more highly or a less 
highly organized form, if any, had been produced. Thus we 
should expect, that a given species A occurring in the Liassic 
beds, presenting individual variations (osteological, e.g.) more 
complex than the normal, would be represented in the Triassic 
by a more highly differentiated species, if by any. 
But the study of variation, thus far considered, gives us 
criteria for only the future development of the species, so that 
it remains necessary to  seek criteria from the phenomena of 
variation for the past phylogenetic stages, 
And, firstly, it is desirable to  determine as far  as  possible 
what limits there are to individual variation. It seems to be 
well ascertained that there is a limit to such variation, but 
where that limit may be placed for a given organism, or what 
organic law fixes it, is very difficult of experimental proof. 
Since we find the amount of variation to be in direct proportion 
to the amount of change in the environment, the question is, 
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in other words, how great a change of environment the organism 
can withstand without serious injury. Now from a number of 
carefully made experiments, as  noticeably the recent observa- 
tions of Davenport and Castle,l we find that an organism which 
would be killed by a sudden change of temperature of 10’ C., 
may become acclimated to that amount of increase in tempera- 
ture if the change is made gradually. This fact proves that an 
organism can withstand only a certain maximum amount of 
sudden change of environment, while if the change be greater 
than this maximum amount, death ensues. Still another fact is 
important in this connection : lowly organized forms are, as a 
rule, more widcrstandsfahig than highly organized forms ; it 
suffices, as an example, to call to mind the great changes of tem- 
perature which are not injurious to certain disease germs and 
swarm-spores, but which would cause the sudden death of a worm 
or mammal. From these facts we may conclude : ( I )  that as a 
given organism can withstand only a certain maximum amount 
of change in the environment, and since the amount of variation 
stands in a direct ratio to the amount of change in the environ- 
ment, therefore the organism can produce only a certain 
maximum amount of variation ; and (z), since lowly organized 
forms can withstand greater changes of environment, as a rule, 
than can more highly organized forms, that the former can, as 
a rule, produce a greater amount of variation than the latter 
can. And these facts coincide perfectly with the general physi- 
ological law that the more differentiated the organs become 
structurally, the more intimate and complex becomes their 
correlation ; for more highly differentiated organisms, with a 
more complex correlation of their organs, are unable to  produce 
variations to the same amount as can more lowly organized forms 
which have a less intimate correlation of their organs. Further, 
the correlation of the organs in lowly organized forms, being 
less complex, can be restored sooner after a change of environ- 
ment than the correlation can be restored in more highly dif- 
ferentiated forms after the same amount of change. Thus we 
find that the amount of variation depends upon the degree 
1 “ On the Acclimatization of Organisms to High Temperatures,” Arch. f. 
Entwicklungsmech. d. Organismen, Bd. 11, 18gg. 
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of change in the environment, and upon the degree of dif- 
ferentiation of the organism ; but that a certain maximum 
amount of variation cannot be exceeded by the organism, and 
this amount seems to differ for different organisms. Variations 
must continue to be produced until the correlation of the organs 
is fully restored, when the restraint exerted by this acquired cor- 
relation upon the physiological processes of the several organs, 
would prohibit the production of further variations. Therefore, 
if the variations continue to be produced through a long period 
of time, we must conclude that the correlation of the organs 
has been greatly disturbed, which is equivalent to  saying that 
a comparatively great change has occurred in the environment. 
If, however, but one considerable change has occurred in the 
environment and the latter remains thereafter unchanged, then 
the longer the period of time is which has elapsed since this 
change, the nearer at  hand will be the restoration of the cor- 
relation of the  organs, and consequently the less will be the 
amount of variation. This will serve further to elucidate the 
deduction made in a former paper’ of mine (p. 483) : that 
“ t h e  amount of variability above or below a given mean will 
stand in inverse ratio to  the length of time in which the devel- 
opment (progressive or regressive) has acted upon the given 
organ.” If the change of environment be comparatively slight, 
the restoration of the correlation of the organs might be fulfilled 
in a single generation ; but if the change had been more marked, 
this correlation might not be restored until after the lapse of 
a large number of generations, during which time the produc- 
tion of variations would continue, though their amount would 
decrease as  the time became longer. 
Here, then, the phenomena of variation may furnish us with 
a criterion for deducing, to  some extent at  least, the  previous 
conditions of existence, if not also the phylogenetic stages of 
some organisms. For  we may briefly consider, e.g. the fresh- 
water Nemerteans, which are undoubtedly of marine origin. 
I n  studying the comparative anatomy of this group of worms, 
I was struck by the fact that while the nearest marine allies of 
OF MORPHOLOGY, XI, 2, rags. 
1 “The  Derivation of the Freshwater and Land Nernerteans, etc,,” JOURNAL 
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these freshwater species possess almost invariably four large 
eyes, the freshwater forms, on the contrary, have a larger 
number of eyes, varying from four to eight, which are also 
smaller than those of the marine species. How is this vari- 
ability in the number of eyes of the freshwater forms to be 
explained ? Now, variability is engendered, in our view, indirectly 
by change of environment ; and we know that the species in 
question have changed. their environment by migrating from 
bodies of salt water into freshwater rivers and lakes. (Or, 
in certain cases, they are inhabitants of lakes which were origi- 
nally of marine character, but have become fresh.) The num- 
ber of the eyes of the marine species being very stable, me 
conclude : ( I )  that the correlation of the organs in the marine 
forms is comparatively complete, and that, therefore, they are 
well adapted to their environment ; and ( 2 )  that no variability 
being perceptible, they are neither a t  present giving rise to new 
species, nor are they themselves of recent origin. On the other 
hand, the eyes of the freshwater forms being very variable in 
number, we conclude for these : ( I )  that the correlation of their 
organs is not perfect, and hence that they are not fully adapted 
to their environment ; (2) that this variability must have been 
caused by a -change of environment within a comparatively 
recent period of time, since the variability is still continuing ; 
and (3), that as the numerical variation of the eyes is above the 
normal four (the number 6-8 being in fact more frequent than 
4 or 5 ) ,  the species is tending to  evolve a form with a greater 
number of eyes than its ancestors possessed (progressive 
numerical development in relation to the eyes). 
A similar case occurs to  me in regard to  the individual varia- 
tion in number in the rectrices (stiff tail-feathers), of certain 
North American species of grouse. Table XXI (placed at 
the end of the paper) expresses this variation for Cent~~occ~czrs 
urophasianzrs, and for Dmdyajngt~s obscu~z~s with its two 
geographical races.l According to Mr. Clark's observations, 
these are the only North American species of grouse evincing 
such variation ; the number of rectrices being stable in Den- 
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1 I am indebted to the kindness of my friend Mr. Hubert Lyman Clark, of 
Baltimore, for the communication of the facts embodied in Table XXI. 
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dr-ajagus canaderzsis, D.  f r-aitkliizi, and in Borznsa, Lagof as, 
Tympnnzrchs, and Pedimetes. Now it is interesting that the 
subgenus Dcndmpngus of the genus Dendiwfagzzls is limited 
to North America, and its species are variable in regard to the 
number of the rectrices ; while such variation apparently does 
not occur in subgenus Cannce of the same genus, which inhabits 
both Eurasia and North America. Of the other genera, Boi~asa 
and Lngo$us have the same geographical distribution as Caizncc, 
while $inpamc/zizls, Cef&ocerczts, and Pediccetes are limited to 
North America. Those individuals evincing this numerical 
variation of the rectrices must have been influenced by a con- 
siderable change of environment, since the variability has 
continued through a large number of generations. Now we 
can hardly suppose that this change of environment has occurred 
within the areas occupied by these variable species in North 
America, since in that case we must suppose that the other 
species occupying the same areas must have become similarly 
modified. Accordingly the species of Dendmpagus which pre- 
sents this variation must be of comparatively recent occurrence 
within its present habitat ; and its variability would be caused by 
having changed its former habitat within a comparatively recent 
period, by migrating from its former area (Eurasia ?) to its pres- 
ent geographical position in America. On the other hand, the 
non-variable North American species of this genus (namely 
canadensis and fmizkr'inii) must be regarded either as not 
having experienced such a change of environment, or as  
having experienced it in a much remoter period, having in 
the meanwhile restored the correlation of their organs, i.e. 
adapted themselves to the new environment. Regarded from 
this standpoint, the  variation in the number of the rectrices 
may serve to elucidate the origin and present distribution of 
the Tetrnonida?. 
These considerations are offered as mere suggestions for 
explaining how variation can serve as  a criterion of development, 
We have found that the data of variation offer a certain mean 
for determining whether the development is progressive or 
regressive, depending upon the fact whether the variations are 
above or below the normal. When the phenomena of varia- 
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tion are better understood, for this study is at present nearly 
virgin ground, we will probably be enabled to deduce from it 
criteria, which will offer certain and valuable aid in the study 
of phylogeny. And another important line of investigation 
must become the study of the environment, and of the changes 
of the latter in their influence upon the organism. A con- 
siderable number of experiments have recently been made in 
this line upon the ontogenetic stages of organisms, and a 
smaller number upon the adult organism; and a careful 
analysis of the results of such experiments may give valu- 
able aid in the discrimination of methods for the study of 
variation. 
I t  is as  
yet an undecided question whether regressive development (or 
the action of Natural Selection during this mode of clevelop- 
ment) can result in the total disappearance of an organ, or 
whether a structural rudiment must remain. According to our 
conclusions upon the nature of variation, the latter would be the 
more probable view, and for the following reasons. For the action 
of a regressive development, the occurrence of variatiops below 
the normal are necessary, so that if these be preserved, a less 
differentiakd (i .e.  retrogressive) type of organism must be pro- 
duced. The  occurrence of variations in regressive development 
is due, just as in progressive, to the physiological exertions 
of the organism to restore that correlation of the organs which 
had been disturbed by a change of environment. Now if the 
change of environment had been a great and sudden one, and 
resulted in a less complex environment, the organism, in order 
to  become adapted to  the new environment, must produce 
structural variations which are less complex than the normal in 
order to bring about a less intimate and complex correlation of 
the organs than had previously existed. Such variations can 
obviously be produced only as long as the organs continue to 
t o  be physiologically active ; and necessarily their action must 
cease before the organs disappear. In  other words, it is impos- 
sible for variations to lead to the total disappearance of an 
organ, since the very production of variations is dependent 
upon the physiological exertions of the organ. Thus we must 
A final word in regard to rcgressive dcvclojment. 
postulate for regressive, as has been shown for progressive 
development, a certain maximum amount of variation, the 
passing of which would cause death. 
TABLE XXI. INDIVIDUAL VARIATION IN THE NUWCER OF THE 
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